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to encourage coordinated uatauh *** 


ssypililis of the aorta and heahi* 

IIabrisox S. Martlaxp, M.D. 

New AUK. X. «T. 
l’AUT I 

ANATOMICAL TYRES ENCOUNTERED HY THE WRITER. AS MEDICAL EXAMINER 

IN CASES OE SUDDEN DEATH 

U NTIL approximately ten years ago acquired syphilis as it affected 
the heart was thought to he chiefly a disease oi the aorta and 
aortic valve producing aortic regurgitation, aneurysm or narrowing 
of the orifices of the coronary arteries. 

"Warthin is responsible for what is called the newer pathology of 
cardiac syphilis. 

War thin 1 in 1911 in a study of twelve cases of congenital syphilis 
affecting the heart, chiefly in infancy and childhood, concluded that 
the characteristic lesion is a diffuse or localized interstitial myocarditis 
in which Spirochacia pallida can be demonstrated. In later life this 
may lead to the fibrous heart. 

In 1914 after a study of 200 hearts in which spirochetes were found, 
he stated that many cases of cardiac syphilis were not being recog- 
nized. 

In 1918 be :! reported an incidence of 40 to 50 per cent of syphilis in 
lus necropsy service, as compared to 6.5 per cent, found by Symmers. 
lie stated that the gumma was no longer the criterion for the diagnosis 
of syphilis but that milder, more diffuse, specific infiammatorv°proe- 
esses occurred which eventually lead to fibrosis. Based upon the dem- 
onstration of spirochetes in various organs he estimated that about 30 
per cen t of the population was syphilitic. 


•*■385 
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111 1925. based upon the study of eight hearts from cases of sudden 
death, collected over a period of twenty years, ho 1 attributes sudden 
death to an acute exacerbation of previously mild latent processes in 
the heart and aorta. The chief gross lesions were “patchy areas and 
streaked areas of pale, yellowish, grayish-yellow or gray color, with- 
out hemorrhage or congestion, scattered throughout the myocardium.” 
He believes that such areas may easily be mistaken for anemic infarcts. 
Microscopic examination shows areas of old fibrosis (healed myocar- 
ditis), subacute infiltrations of lymphocytes and plasma cells between 
the muscle fibers, with angioblastie and fibroblastic proliferation and 
interstitial edema ; more acute areas of interstitial edema with infil- 
tration of lymphocytes, plasma cells, monocytes and a predominance 
of polvmorphonuclears. Spirochetes were found, particularly in these 
more acute areas. 


Clawson and Bell, 5 in a study of 126 hearts associated with syphi- 
litic aortitis collected over a period of sixteen years in an attempt to 
observe the anatomical changes in the valve, coronary arteries, myo- 
cardium and pericardium and to note the immediate relation of these 
changes to the cause of death, carefully followed "Wart-bin ’s technic 
for the demonstration of these myocardial lesions. 

Jn twenty-eight hearts showing aortic insufficiency they concluded 
that the main myocardial lesion was hypertrophy, and that little sig- 
nificance could be attached to any other gross or microscopic changes 
in the myocardium. Most of the small fibrotic areas were evidently a 
result of slight nonsyphilitic coronary injury, and were not of suffi- 
cient. degree to be a factor in heart failure. Syphilis of, the myo- 
cardium in these twenty-eight, hearts was apparently rare, and when 
present was of insignificant degree. “With the exception of the hy- 
pertrophy, we found no anatomic change in the myocardium which 
seems sufficient, to cause death.” Spirochetes could not be found in 
any of the twenty-eight hearts. 

In fifteen hearts from cases of sudden death attributed to closure of 


the coronary orifices, gross myocardial fibrosis was not observed, noi 
were infarcts, commonly found in cases of senile coronary seleiosis, 
present. Microscopic myocardial fibrosis was seen only in four cases. 
Its infrequency and the slight degree when present led them to think 
that it had little or nothing to do with cardiac failure in these heait-v 
Thirteen of these hearts were stained for spirochetes and none \wi< 


found. 

In twenty-three hearts with ruptured aortic aneurysms gi oss nno 
cardial fibrosis was not present. Microscopic fibrosis to a slight < < 
gree was found about the aortic ring in four cases. Xo spiiodut** 


were found in any of' the eases. 

The work of Clawson and Bell represents one 
attempts to duplicate Warthin Is observations, and 


of the most 
with negative 


reliable 

results. 
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So diffi- 


Many other investigators have expcv.onced amnia. ... . 1 . 
cult has it become to de.nonst.vate the presence ol sp.voehe. .» ^ 

of the aortic valve and heart muscle, that, many outturn, ast.c Mnc s 
are now making a diagnosis of syphilis of the heart muscle on the P w 
euec of a few lvmphoeytes eolleetcd around a vessel, or in single 
of five or more. .This is risky indeed, as lymphocytes are, notoriously, 
evidence of a chronic defense reaction in all sorts oi disease, and eAen 
their perivascular arrangement- is by no means pathognomonic o 
syphilis. Even the finding of isolated or few spirochetes in the heart 
muscle may mean nothing more than a historical landmark or a rest- 
ing focus. 

While Warthin’s observations are of great palhological interest and 
are very difficult to refute, I am of the opinion that these myocardial 
lesions have been unfortunately greatly overexaggevated, and that 
they ordinarily are not extensive enough to 'produce serious cardiac 
embarrassment or to explain death. A tendency has been created, 
especially among clinicians to overemphasize the myocardial lesions 
and thus distract attention from the aorta. 

Bearing in mind the fact that the supporters of the “newer” path- 
ology of syphilis often attribute sudden death to specific myocardial 
lesions and their results, I have attempted to review my cases, ob- 
served as medical examiner of Essex County, over a five-year period, 
to formulate an opinion as to the correctness of their view. 

This I believe is unique because it practically limits itself to bona 
fide cases of sudden death as encountered by coroners' physicians and 
medical examiners, and excludes all hospital and institutional deaths, 
and deaths occurring- in a slower manner. 

From June, 1925, to June, 1930, my office investigated S,0(i7 deaths, 
including homicides, suicides, highway accidents, falls, burns, poison- 
ings, sudden deaths and those eases ordinarily handled by coroners’ 
physicians. Autopsies were performed in 3,325 cases, or 38 per cent. 

Of the total number of cases investigated 1,590, or IS per cent, were 
eases of sudden death attributed to heart disease. These deaths oe 
curved in the street, while at work, at home, etc., and when mmt, 
tended by physicians. No hospital eases are included except those 
dead on arrival. The territory covered by the investigation was 
i euaik and Essex County, having a population of S32,000. 

Of the 1,590 sudden deaths hue to heart disease, 30o| or IS per cent 

autopsicd. l'he low percentage of autopsies was caused bv the 
impossibility of removing many eases frm» . i lie 

of death to the morgues, the history plainly indic-iEn^tT/T 1 ! )laC0S 
due to natural causes. * 1 ‘ scaling that death was 

Rheumatic heart disease was the eaimp nt‘ r i n a • 

of the aorta and heart in 101, and arteriosderot c V**’ 
cases. cioiie Jieait disease m 139 
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In 101 cases of sudden death autopsied in which the cause of death 
was syphilis of the aorta and heart, aortic regurgitation was the pre- 
dominating lesion in 36 cases, stenosis and atresia of the coronary 
ostia in 15 cases, aortic aneurysm in 3S cases, and unusual lesions, such 
as spontaneous rupture of aorta, dissecting aneurysm, miliary aneu- 
rysm, etc., in 12 cases. 


Table I 


Statistical Summary or Cases Investigated by the Medical Examiner's Omcs 
During a Five-Year Period (June, 1.925, to June, 1930) 


Number of cases investigated 
Number of autopsies performed 
Number of sudden deaths due to heart disease 
Autopsies performed 

Rheumatic heart disease 
Syphilis of aorta and heart 
Arteriosclerotic heart disease 


S,GG7 

3,325 (38%) 

1,590 (18%) 

300 (18%) 

GO eases 
101 cases 
139 eases 


Table II 

Classification of Anatomical Types of Syphilis of Aorta and Heart 
Encountered in 101 Cases of Sudden Death 


Aortic regurgitation 

Stenosis and atresia of coronary ostia 

Aneurysms 

Unusual lesions 


3(3 eases 
15 cases 
38 cases 
12 cases 


The age. race and sex of these 101 cases are tabulated in Tables 111 
and IV. It was possible to save for museum purposes about 60 hearts 
from these cases. Most of the hearts were studied histologically. 


Table III 

Age, Rex, and Race of 101 Cases of Sudden Death From Syphilis or Aorta 

and Heart 


decades 

10-20 

20-30 

30-40 

40-50 

50-00 

00-70 

Aortic regurgitation 

0 

4 

S 

Hi 

7 

1 

30 eases 






0 

Stenosis of coronaries 

0 

o 

r» 

f> 


15 eases 





,8 


Aneurysm 

0 

o 

9 

14 

• ) 

3S eases 





1 

1 

Unusual lesions 

0 

1 

4 

.1 

Totals 


!) 

EM 

40 

19 

7 


Table 

TV 






male 

female 

WHITE 


COLORED 

Aortic regurgitation 

30 

0 


10 


tin 

30 cases 






Ci 

Stenosis of coronaries 

12 





15 cases 




17 


21 

Aneurysm 

o »» 

.>«> 

• t 



38 cases 




4 


8 

Unusual lesions 

0 




12 cases 



„ 






Totals 

84 

17 

— 

4<> 

— 

• tti 
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maktlaso: syimiius or Tint aout.a anp uua..t 
Tile voungest case in -orti. ve S u. f nlion *» ^ 

^ *.»,< 

T^r;^rxir t u„ t .. 1* -*« «* *•* 

syphilis of the aorta and heart. .*>». 01 om 1 i om . • 

The total population covered in tins senes w M2.00n. ,h( , fl 

about 60.000. or over 7 per cent. The greater negro in>queny> mo> b« 
explained in two ways: first, the greater prevalence ol syphilis amonp 
negroes, and second, the fact brought out by Libman that sudd.n 
deaths among* hyposeusitive people are more irequenf than in nor- 
mal and hypersensitive individuals. 

Ilvposensitive people may collapse and go into shock without tool- 
ing pain or other symptoms, while normal, or hypersensitive individ- 
uals may rest or seek medical advice at the onset of warning .symptoms. 


A. AORTIC REGURGITATION — 

In the 36 cases of sudden death in which the predominant lesion 
was an aortic regurgitation, the typical widening of the commissures, 
deforming lesions of the aortic cusps with thickening of their free 
edges, and the hypertrophy and dilatation of the left heart formed 
the outstanding features of these hearts. 

The largest heart weighed 1,160 grams, the smallest 360 grams, and 
the average weight was over 600 grams. 

In none of these cases were outstanding myocardial changes noted 
other than hypertrophy. The little scarring seen in the myocardium 
was atrophic in type, and due to coronary injury caused by a super- 
imposed arteriosclerosis. 

In none of these cases was there an aortic stenosis or organic mitral 
lesion. 


The deforming sclerosis of the aortic valve, with consequent hyper- 
trophy and dilatation of the left ventricle, was of such gross extent 
that death seemed clearly explained without attributing it to am* 
specific myocardial lesion, which lesion did not exist, ft is a well- 
known fact that hearts of 500 grams or more in weight regular! v fail 

without showing any other evidence of myocardial diseased .side' from 
hypertrophy. 

An associated narrowing of the coronary orifices was frcmcnliv 
seen bnt the outstanding feature of these 1, earls was II, e rognrgilalion 
B. CORONARY STENOSIS AND ATRESIA— 

In the fifteen cases of sudden death, in which the predomin-nU u • 
was a narrowing of the orifice of one m- wi ,m ! 1( s,on 

stenosis or atresia was alwavs due to on o ' C010nnr,v ar,( ' nos - <Iu ' 
ilitic supravalvular sclerosis' over the ori i Z7„f T" 

,-oeess was confined to the aortic wal, a^ * 
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distal to the aorta. The lesion was usually in the nature of a sclerotic 
scar. M hen there was a definite involvement of the aortic valve, with 
regurgitation, the heart was much larger than normal. Most of these 
eases, however, represent pure forms of coronary narrowing with 
syphilitic aortitis and without regurgitation. The heart, therefore, 
was normal, or only slightly enlarged. 

The largest heart weighed 500 grams, the smallest 250 grams, and 
the average was about 380 grams. 

The coronary arteries beyond the stenosis are usually normal in ap- 
pearance, and rarely show much superimposed arteriosclerosis. 

The myocardium in these cases was usually normal, or showed only 
slight, or moderate, hypertrophy, and no evidence of specific myo- 
cardial lesions was noted. In a few eases the heart was small and the 
muscle the seat of brown atrophy. I have spoken of this as an inani- 
tion atrophy, due to slow cutting off of a considerable amount of the 
blood supply. 

Sudden death in these cases is more difficult to explain than in 
aortic regurgitation and aneurysm. It is not the same as in coronary 
sclerosis due to arteriosclerosis where the occlusion takes place rapidly. 
In syphilis there is a gradual narrowing often to the point of com- 
plete atresia. The condition found at autopsy must have existed for 
months and even years. Compensatory circulation had time to be 
established, either by way of normal anastomosing vessels, by in- 
creased anastomosis between left and right coronary after forty years 
of age, or by way of anomalous coronary circulation, or by way of the 
thebesian vessels. 

If such a lesion as acute specific myocarditis of any extent could be 
demonstrated in these cases, the death would be easily explained. We 
have been unable, however, to find evidence of any extensive myo- 
cardial lesions. What then is the mechanism of the sudden death? 

Attention has been recently called to the importance of the emotions 
of excitement, worry, fright, etc., in heart disease and sudden death. 
One case may be cited as of special interest. 

A white man. aged fifty years, was driving his automobile and unwittingly 
passed a traffic signal. He was severely and unmercifully bawled nut by the traf- 
fic officer and collapsed over the wheel, dying instantly. Complete atresia of the 
right coronary was found at autopsy and marked stenosis of the left, with typical 
svphilitie aortitis. The heart muscle was normal. The stenosis and atresia must 
have existed for months. 

What was the final break that caused death in this case? His wife 
staled that he had never complained and appeared to he in good health 
the day he died. If is possible that fright may in the presence of 
serious chronic lesions, which the individual under ordinary circum- 
stances may get along with in comfort, set up ventricular fibrillation. 
One of the patients in this series died during coitus. 



mart usd: SV1MIU.IS OF THE AORTA ash IM'-ART 

f smhlcn death, hi "’Well at n«t«|-sy a *.'l'h- 


In none o£ our cases of 

f the on..~ . 

c encountered any evidence of specific layneanhal les.o.o- 


• , • orifices of the coronary arteries was 

jlitic stenosis or atresia at the ounce 


52 iE :;;,;;;tii».h.oee,, - ■» "•« : , 

Any lesion in the mvocnrdimn. besides hypertrophy am oeeaM.m. 
brown Z,hy (inanition), has nsnaily been interpreted as due 
superimposed arteriosclerosis of the coronaries. 

C. ANEURYSM OE AORTIC ARCH 

In thirtv-eight eases of sudden death, in whiel, a typ.eal anettvys.n i I 
aortic arcil was found, death is easily explained, as practicidU all (In. 
eases died from rupture. 

The heart in the majority of these cases was only slightly or model - 
ately, enlarged. When it was greatly hypertrophied, there was always 
an added aortic regurgitation, which often was ot more recent date 
than the aneurysm. 

The muscle in none of these cases showed serious myocardial lesions 
that could not be explained by a superimposed arteriosclerosis. In 
none was there any evidence of specific myocardial lesions sufiieicnt 
to influence the fatal outcome. As the direct cause ot the {loath is 
usually rupture, it is obvious that no other factor played an important 
role in the death. 

The largest heart, in this series weighed 000 grams, the smallest 280 
grams, and the average was about 400 grams. 

D. UNUSUAL LESIONS — 

In 101 sudden deaths from syphilis of the aorta ami heart, unusual 
lesions were encountered in twelve eases. 

Spontaneous rupture of the aorta occurred in five eases and was as- 
sociated twice with bicuspid aortic valve. All Hie eases were attrib- 
uted to syphilis of aorta, but it must be admitted that in this lesion 
the evidence of syphilis is often slight and difficult to determine with 
certainty. In none was there any narrowing of the isthmus. In two 
the l upture uas complicated by an acute dissecting aneurysm. 

Miliary aneurysms of the aorta with small blow-outs, usually into 
the pericardium, occurred in three eases. 

Aneurysm of the right coronary artery was the cause of death in one 
case, rupturing into the pericardium. This was the only instance of 
gross syphilis seen in the coronary arteries beyond the aortic wall. 
An intimal ulcer was seen in one ease. 

Negro, aged twenty-four yours, collapsed in a l„ 11P p , . . , 

WlRlilte supravalvular selsrasis above tie „,,c„L 'ef ' 


"‘"I' ™.“ “ ttoouei, tl,c iul ima and 1„„] „ v 


(lie loft ooronar v 

«y of blood plntelots ' T " “ <Um "" US 
fashion, and had caused embolism into lumen of artery wm. , 
found m the spleen, and an old penile SC nr. ’ ' 


of the coronary in ball valve 
v y gnminnta were 
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A gumma of the left ventricle, on the interventricular septum, was 
the cause of one death. 

A sudden death due to congenital syphilis of the aorta was seen in 
one case. 

Xegro boy, aged ten years, collapsed in street and died instantly. Extensive 
aortic syphilis indistinguishable from that found in acquired eases was found. The 
ordinary signs of congenital lues were found. 

This is the only case of congenital syphilis of the aorta and heart 
encountered in this series. 

e. summary — 

3. Sudden death in chronic heart disease is commonly due to ac- 
quired syphilis of the aorta and heart. Syphilitic heart disease (33 
per cent) is next in importance to arteriosclerotic heart disease (47 
per cent), which is responsible for the greatest number of cardiac 
deaths. It exceeds rheumatic heart disease (20 per cent) as a cause 
of sudden death. Many of the rheumatic cases have a slower death 
from congestive failure or from superimposed subacute bacterial endo- 
carditis. 

2. Sudden death in acquired syphilis of the aorta and heart is al- 
most always due either to an aortic regurgitation or to narrowing or 
atresia of the coronary arteries, or to the production of an aortic 
aneurysm, or to any combination of these three great dangers of syph- 
ilitic aortitis. 

3. Sudden death is occasionally due to unusual lesions such as spon- 
taneous rupture of aorta, dissecting aneurysm, gumma of heart muscle, 
miliary aneurysm, etc. 

4. Specific lesions of the myocardium and of the coronary arteries 
beyond the aortic wall are infrequent, and. when they occur, are so 
slight in extent as to be of little practical importance. They rarely 
embarrass cardiac action, are insignificant in the production of cardiac 
failure and the slower modes of cardiac death, and are of little impor- 
tance in explaining sudden death. 

o. Congential syphilis affecting the heart and aorta is so rarely en- 
countered that it is of little clinical or pathological importance in tin* 
causation of sudden death in chronic heart disease. 


I ’ART II 

CARDIAC SYPHILIS IS ESSENTIALLY A SUPRAVALVULAR AORTIC SCLEROSIS. ITS 
MAIN DANCERS RE! NO AORTIC REOUROITATION, STENOSIS OR ATRINIA Of 
THE OSTIA Of THE CORONARY ARTERIES AND AORTIC ANEURYSM. 

ALL OTHER EOKMS PESCKII1ED IN MEDICAL LITERATURE ARE 
EITHER OF LITTLE CLINICAL IMPORTANCE. UNCOM- 
MON. RARE. OR DO NOT EXIST 

Acquired syphilis of the aorta and heart shows clinical manifesta- 
tions usually fifteen to twenty years after infection, remniiiiiur mi- 
diseoverable. hence latent, and apparently harmless during that tint* . 
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It may remain latent tl.rongl.ont life and appear only as a historical 
landmark at autopsy, in the form of » small mmgmftcnnt se. 

Genuine heart disease due to syphilis usually occurs hetn een th.rtj- 
fl "rty-dve years of age. At least «--f„ur,l,s o the cases s 
svmptoms between the ages of thirty and fitty-five roots. It is a lit 
later than most rheumatic and a little earlier than most artenosclerotie 

eases. 

A. BIOLOGICAL DEVELOPMENT OP SYPHILIS OF AORTA AND HEART— 

We know from the clinical failures to prevent, syphilis by early ex- 
cision of the chancre, backed by considerable experimental data, that 
there is an early invasion of the blood stream with Treponema palli- 
dum even before the initial lesion appears. 

The visible chancre appears as a local defense reaction at the original 
site of infection. The organisms multiply in the initial lesion in enor- 
mous numbers and are scattered over the body constantly b\ tv o im- 
portant routes. The first is directly into the blood stream at the portal 
of entry. The second is a slower route by way of the lymphatics to 
the regional glands, where many organisms are undoubtedly destroyed 
by the phagocytic reticulo-endothelial cells lining the lymph sinuses. 

The regional lymph nodes (for example the inguinal group) slop the 
infection temporarily by slowing it up, and the adenitis is purely a 
defense reaction. Many organisms survive, pass the first barrier of 
defense, and finally reach the thoracic duct. Eventually they are 
poured into the venous blood stream and taken to the right side of 
the heart. 

Early treatment may destroy great numbers of spirochetes in and 
along the slower lymphatic route and. in the initial lesion, but it is 
generally administered too late to destroy organisms which enter the 
blood stream direct from the portal of entry. 

Later, when the secondary rash appears, there is a stage of very 
pronounced septicemia, or spirochetemia, when treponemata in large 
numbers invade every tissue of the body accessible to the blood 
stream. Many are taken to the myocardium. 

The stage of septicemia does not last long. Even without treatment 
the normal organs of filtration and purification of the blood stream 
rapidly remove circulating treponemata from the blood, and the initial 
lesion has retrogressed or healed so that no further contamination of 
the blood stream takes place. 

The purification of the hlood-eontainin<>- organs k fnvti, 1 
hCtT’T'f’ " lliC ’ 1 iS " silally “stigated before this time' Snch'eirTv 
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As the stage of spirochetemia passes away the various organs at- 
tempt to rid themselves of the organisms by way of filtration, by 
phagocytic properties of reticulo-endothelial cells, and by way of lym- 
phatic drainage into neighboring lymph nodes. This process may 
take years. 

The spleen is greatly aided in freeing itself of organisms by its rich 
filtering structure, which permits stagnation and destruction by its 
reticulo-endothelial cells. 

The lungs, which, on account of their very great capillary area have 
received a greater dosage of organisms than perhaps any other part 
of the body with the exception of the skin, must clear themselves in 
a somewhat different manner. Many of the organisms pass through 
the lungs’ capillaries and reach the systemic circulation. Many arc 
slowed up in the lungs, and because the Treponema pallidum is always 
attempting to leave the circulation for extravascnlar tissues in which 
they are less liable to injury, many escape into the interstitial portions 
of the lungs. 

Numerous extravascnlar spirochetes may be further phagocyted by 
even the alveolar epithelium, which are probably mesothelial in origin 
and a part of the reticulo-endothelial system. 

The lungs eventually rid themselves of the organisms by way of 
their lymphatics which drain to the peribronchial and regional nodes 
of the mediastinum. These become collecting stations, or reservoirs, 
for the storage of spirochetes. Here they are exposed to the phago- 
cytic action of the reticulo-endothelial cells of the lymph sinuses. 

In certain other organs, particularly the bones, lymph spaces of the 
skin, the nervous system and the heart muscle, the organisms are apt 
to rest and remain for years without attempt at removal, and with 
very little local reaction. In the heart, for instance, there can be no 
removal by lymphatic drainage, as lymphatic drainage from the heart 
muscle is scant. These locations are usually inaccessible to the blood 


stream, and. hence, to treatment. 

Does cardiac syphilis begin at this stage? Do the organisms remain 
there in a latent condition, or do they set up a specific inflammation 
of the myocardium in the early stages of syphilis? 

Warthin’s observations lead him to conclude that in the second 
stage of syphilis there is a very active specific infiltration of the heart 
muscle. 


Clinically, it is well known that various cardiac disturbances take 
place during the early stages of syphilis, such as tachycardia, brady- 
cardia. arrhythmias and syncope. M Chester'’ - states that the heart is 
easily excited and quickly exhausted. lie is of the opinion that prob- 
ably two-thirds of the patients with early syphilis show these func- 
tional disturbances. It is questionable whether this condition repre- 
sents a true mvocarditis. which he thinks is rare. Involvement of the 
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cardiac nerves, the vagus and sympathetic, ““ 7?” in "k s ^t'thcpi'O- 
«, play a role in these distuvhauecs. Brooks thinks that the : p 

S of clinical symptoms in this stage « vc,T ** 

thinks that lesions o£ the heart are rare nl call} S}pl 

It is obvious that this question is very important It toes 
specific myocarditis in early syphilis, there is a foundation « >' •> 

specific interstitial gummatous myocarditis, ivli.ell some claim is so 

common in later syphilis. 

I believe that it is possible to have a specific early myocarditis but 
that the lesion is very unusual. I also think that the heart muse e 
filters out many organisms during the secondary stage and they aio 
eliminated with great difficulty. Those surviving often remain for 


many years without doing appreciable damage. 

The finding, therefore, of a few spirochetes in the heart muscle in 
latent syphilis, perhaps surrounded by a few lymphocytes, may mean 
nothing more than an insignificant historical landmark. In a similai 
manner spirochetes may often rest in the skin of latent syphilitics, 
leaving no gross, and little microscopic evidence of their presence. 
Yet syphilis may be transmitted to rabbits by inoculation. 

It is possible, therefore, that later gummatous myocardial lesions 
may have their origin in these early foci of specific myocarditis, or in 
the rests of treponema brought to tbe heart muscle during the early 
stages of bacteriemia. 

Most authorities have for years agreed that the earliest histologic 
lesions in syphilis involving the aortic root, will be found around the 
vasa vasorum in the adventitia, where there is a mantle of lymphocytes 
and histiocytes with an obliterating endarteritis. 

It, therefore, seems reasonable to believe that the lesion in early 
aortic syphilis is a lymphatic extension of spirochetes from the reser- 
voirs in the mediastinal lymph nodes by retrograde lymph flow into 
the perivascular spaces around the vasa vasorum. 

Some years ago, Klotz 9 cited the mediastinal factor in aortic syph- 
ilis. . He furnished pathological observations, calling attention to the 
mediastinitis and periaortitis in syphilis of the aortic root and in 


aneurysms. 

In addition, to support the mediastinal theory, there is roentgeno- 
graplne evidence during life that around aneurysms in particular and 
ydened aoitas the seat of luetic aortitis there is a fuzzy border ex 

plained only by the periaortitis. ‘ 

~ <* \ 
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^ liile I believe that the mediastinal factor is tlie important one in 
explaining- the localization of the syphilitic process in the root of the 
aorta, it is still extremely difficult to prove. 

It. would be interesting: to observe whether experimental transmis- 
sion to rabbits could be made from mediastinal glands and periaortic 
tissues. Likewise more accurate data of the lymphatic and vascular 
supply of the aortic root are needed. 

B. CONGENITAL SYPHILIS OF THE AORTA AND HEART — 

It is a remarkable fact that with all the discussion about congenital 
cardiac syphilis the cases observed are very few in number. 

Pediatricians in the examination of large numbers of children with 
undoubted congenital syphilis find almost none in which a diagnosis 
during life of syphilitic heart disease is possible. Clinicians encounter 
similar experience in older persons. 

At autopsy the pathologist rarely finds any evidence of syphilis of 
the aorta and heart in cases having other earmarks of congenital syph- 
ilis. excluding stillbirths, as well as syphilitic infants dying in the 
fij’st few months after birth. In the latter, spirochetes can be found 
in various organs, especially the liver, spleen, lung, osteochondral por- 
tions of long bones, and often in myocardium, yet such cases usually 
die not from heart lesions but from syphilitic meningitis. 

In heredosyphilis the child is infected through the placenta, and an 
incalculable number of treponemata circulates throughout most of the 
organs, the number having no parallel in acquired syphilis. If the 
mediastinal theory is correct in the localization of acquired syphilis in 
aortic root, it might be possible that the aorta escapes in congenital 
syphilis, because the lungs of the fetus have escaped the large dosage 
of organisms that the other organs have received due to the fetal cir- 
culation not passing to any great extent through them. 

In instances in which the lungs receive a large dose, a fatal pneu- 
monia alba often occurs. 

<\ SYPHILITIC SUPRAVALVULAR SCLEROSIS — 

The main and most important lesion in nearly all cases of acquired 
syphilis of the aorta is a supravalvular sclerosis. Most of the other 
changes and phases of cardiac syphilis depend upon this lesion. 

The earliest lesions are microscopic and occur around the vnsn 
vasoruni in the adventitia of tin* root of the aorta where there is seen a 
collection of lymphocytes and histiocytes, lying, probably, in the peri- 
vascular lymph spaces. .Stained sections may show spirochetes in 
these areas, but usually they are found with difficulty. Small, miliar' 
gummata are formed in the adventitia. 

There follows a secondary invasion of the media with consequent 
breaking up of clast ica and weakening of the vessel wall. Obliterating 
endarteritis of the vasa vasoruni is a common finding. Syphilis has 
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e ira llv considered a disease of tl.e small arteries. The nbliten.t 
. . ‘ ... • is,, ssv.vtw tn he a nvimnvy lesion indicating a 


being- an endarteritis oi the ..... 

appear at the place which contains the most small vess, Is. and In- • 

the root of the aorta. This portion is also move richly supplied 

lymphatics. _ 

Mv interpretation of the endarteritis has been different. altbongl) it 
is not as vet, subject to finality. Instead of assuming that the mtnnal 
changes indicate that the primary effect has been upon the interior oi 
the vessel, hence a hematogenous infection, T have been in the habit, 
of assuming that the vessels become obliterated as a part of a de- 
fensive reaction to an inflammation which starts around and external 
to them. It is an attempt to heal the surrounding gummatous area 
by limiting its blood supply, producing necrosis, etc. 

The lesion develops to a stage at which it can be recognized with 
the naked eye. It usually begins in the aortic wall, just distal to tin*, 
attachments of the aortic cusps. The earliest patch is often triangu- 
lar, and situated just above the commissures connected with the aortic 
cusp forming the sinus of Valsalva, where the left coronary lias its 
origin. The base of the triangle is usually pointed dist ally. There is 
a gray or slightly yellowish elevation with steep sharp edges, smooth 
on top, or marked by shallow furrows separating trivial secondary 
elevations. 

The process spreads in a horizontal manner around the root of the 
aorta and distally as far as the mouths of the great vessels springing 
from the aortic arch. The orifices of the great vessels of the arch 
ma^t otten he nairowed to a marked degree. It may ditYuselv involve 
the whole aortic arch. Separate processes may develop in a similar 
manner in the thoracic or even abdominal aorta. 

Histological study shows that the gummatous process, starting and 
most pronounced in the adventitia, has infiltrated the media, breaking 
UP aiul pushing aside elastic fibers, and has gained access to the sub- 

mtimal tissue of the aorta where there is less resistance to further 
infiltration. 

I am not, satisfied that the extension of the process follows the ves- 
sels clown into the aortic ensps but rather am inclined to think it fol- 

splces ma * S< rpsiRlanep »»« *'o»g perivascular lymph 
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I speak of the whole process as a sclerosis because the lesion found 
at autopsy is in the nature of a deforming defect which lias followed 
and is following a previous gummatous infiltration. Two groups, how- 
ever, must be recognized. In one the process is distinctly softer, and 
histological examination still shows quite an active process. Such 
cases can be greatly benefited by treatment. In the other the gum- 
matous process is subsiding so that the sclerosing deformities are more 
pronounced and predominate. This latter is the most frequent type 
seen at autopsy. 

Symptoms and Physical Signs of Early Supravalvular Sclerosis . — 
The symptoms produced by early aortitis are chiefly dyspnea, which is 
mild, or slight on exertion, or comes in nocturnal paroxysms. 

Precordial distress usually above the third rib is common. 

Early physical signs are due to surrounding periaortitis and modi- 
astinitis, which produce dilatation of the aorta without any intimal 
lesions being present. 

The most characteristic and valuable physical sign is an accentuated 
second aortic sound, which is ringing and bell-like in quality. Such a 
finding in a man between thirty and forty-five years of age. without 
evidence of arteriosclerosis, hypertension or rheumatic heart disease, 
should force one to exclude syphilis by using every available means. 
The diagnosis of aortitis is difficult, and the disease is rarely recog- 
nized in the early stages. The blood Wassermann is often negative, 
and if we depend upon a serological diagnosis of cardiac syphilis we 
will miss some 30 per cent of cases. 

In addition, a soft, systolic murmur may often be heard over the 
aortic area. This murmur is not transmitted and is probably pro- 
duced by the increased rigidity of the aortic tube, since at this time 
no endocardial lesions may be present. 


I). SYPHILITIC SUPRAVALVULAR SCLEROSIS MASKED BY SUPERIMPOSED ATH- 
EROMATOSIS AND ARTERIOSCLEROSIS — 

One of the most confusing factors in the diagnosis of syphilis of the 
aorta and heart at autopsy is that the syphilitic lesion may be often 
masked by a superimposed atheromatosis, or arteriosclerosis, so that 
the underlying syphilis may be completely obscured. 

This is so common that the greatest care must be exercised so that 
myocardial lesions due to coronary injury from the ordinary garden 
variety of senile arteriosclerosis are not mistaken lor syphilis. 

Pure, uncomplicated syphilitic lesions in the aorta are charaetei ized 
by the presence of little or no fat and no calcification. 

Infantile atheromatosis is very common. Yellowish plaques on the 
aortic cusp of the mitral are frequently seen in infancy. .Atheromatous 
plaques in tin* coronary arteries may be seen as early as one year, and 
often in the second decade of life. The summit of cardiovascular life 
is about forty-five years of age when man has reached his biological 
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usefulness as far as reproduction of Ins race is concerned. MW f«rl£ 
fi vp nature is trving to dispose ot lnm rapi<ll> .is ins . . 

over It is not only common to find evidence of atheromatosis and 
arteriosclerosis after the forty-fifth year bat unusual nut to <»»} ><• 
Coronary thrombosis which is practically always due to localized 
arteriosclerosis of the coronary arteries is really a disease oi cai j 
middle life and occurs most frequently around the summit of cardio- 
vascular life, in contradistinction to the belief of many that it occurs 


later. 

While me believe that cardiac syphilis forms only about 10 per cent 
of chronic organic heart disease, this assumption is based chiefly upon 
the finding of gross lesions characteristic of syphilis al autopsy. In 
the series of sudden deaths syphilis formed about 33 per cent of 
chronic organic heart disease producing death. 

When we remember that many cases ot cardiac syphilis may be 
obscured at, autopsy by the arteriosclerotic process, it is evident that 
we miss many cases, and the incidence may be much higher. 

Again, if we accept the criteria laid down by Warthin for the his- 
tological diagnosis of syphilis of the heart, the. incidence, will very 
rapidly increase. 

It is quite impossible to state the frequency of severe syphilitic 
lesions of the heart causing death and the incidence of latent syphilis 
of the heart. 


It is also important to state here that in uncomplicated syphilitic 
aortitis there is no marked hypertension. In this respect I have been 
for years of the opinion that syphilis played no role in the production 
of essential hypertension. 

Furthermore, I am not willing to admit that persons suffering from 
sj philis of the heart and aorta are more liable to a superimposed 
arteriosclerosis. 


E. SUPRAVALVULAR SYPHILITIC SCLEROSIS EXTENDING DOWN OX AORTIC 

VALVE WITH THE PRODUCTION OF REGURGITATION 

Aorhc Regurgitation — Aortic regurgitation is the first and most im-' 
portant danger of supravalvular sclerosis (syphilitic aortitis). 

In a combined series of deaths, including hospital cases, aortic rc- 

sss;r bout 60 per ceiu of cascs ° f h,etic 

In a series of 101 sudden deaths from cardiac syphilis excluding 
hospital cases aortic regurgitation was found as the* cause of death n 
36 per cent of eases. This shows that w hiio +i, • ~ . ttcntl1 1,1 
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valvular lesion which has infiltrated to spread the cusps eventually, or 
to involve them in the syphilitic process. 

The consecutive pathological events in the formation and develop- 
ment of aortic regurgitation, together with their clinical symptoms, 
may be discussed together. 

Supravalvular Sclerosis . — The process in the aorta has already been 
discussed. 

Extension to Aortic Cusps . — Extension of the syphilitic gummatous 
process through the media into the subintimal spaces producing the 
triangular patches, continues in the direction of the attachment of the 
aortic cusps, usually following the lines of least resistance, which is 
alongside of and between the fan-shaped subintimal fibers, the rem- 
nants of those fibers forming originally the aortic cusps. 

The result is a pushing apart of the cusps at their attachments by 
the gummatous and sclerosing process. Sometimes the attachments 
of the cusps may be separated by at least 1 cm. Often, just a furrow 
exists between the attachments of the adjacent cusps, which are 
thickened and infiltrated. This widening of the commissures is the 
earliest sign of aortic regurgitation, and is practically the main factor 
in its production. 

Clinical Symptoms and Physical Signs of Early Involvement of the 
Aortic Valve . — Extension to the aortic cusps causes a change in the 
systolic murmur. The murmur is thereby transmitted down the left 
border of the sternum, and as the cusps become involved, it becomes 
rough and harsh and transmitted into the vessels of the neck. 

Widening of the aorta to percussion, fluoroscopic and roentgeno- 
graphie examination may, or may not. be detected at this time. A 
slight hypertenson is the rule in well developed, pure forms of aortic 
syphilis, the systolic pressure being 135 to 150 to 155. There is not 
sufficient hypertrophy of the left heart to detect usually at this period. 

Involvement of the Aortic ('lisps . — A continuation of the process 
down the attachment of the cusps takes place and often occurs across 
their free edges. 

Fibroblasts lay down collagenous fibers. A hyalini/.ed ball-like edge 
results. While, of course, considerable round-cell infiltration of a 
specific nature is seen in the free edges of the cusps near their at- 
tachment. the portions between the free edges are often remarkably 
clear of such specific changes. As many cases of regurgitation due to 
syphilis are seen which show no thickening of tin* free edges, but only 
widening of the commissures, I am inclined to interpret the thickening 
of the free edges as mainly mechanical in nature and due to strain 
produced by the regurgitant blood stream. 

Dilatation of Aortic Piny.— The production of regurgitation by dila- 
tation of the aortic orifice is not of much importance. 
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Aortic. Valve Incompelcrf.-The distorted, thickened rolled, and re- 
tracted aortic cusps with the widened commissures produce jrrepaiablc 

damage to the valve. . 

Subendocardial Fibrosis.— From trauma of the regurgitant blood 
stream, subendocardial fibrosis over the interventricular septum below 
the aortic valve, with the production of the so-called bird’s nests, false 
bands and cusps, often takes place. The lesion is characteristic of a 
regurgitation but is not pathognomonic of syphilis. It is purely of 
mechanical origin and has nothing to do with any specific inflammation. 

Hypertrophy of Heart, Especially Left Ventricle .— Hypertrophy of 
the muscle of the left ventricle is usually the only gross and microscopic 
finding of any importance. All other myocardial lesions are usually 
due to a superimposed arteriosclerosis. Occasional areas of specific 
myocarditis, especially in region of aortic ring may occur, they are 
usually small in amount, difficult of interpretation and of insignificant 
import. 

Symptoms and Physical Signs of Fully Developed Aortic Regurgita- 
tion . — The symptoms and physical signs of a well-developed aortic re- 
gurgitation need not be repeated here. 

Dilatation of Left Ventricle . — This represents about, the last lesion in 
a well-developed case. 

Death in Aortic Regurgitation . — Death in aortic regurgitation is in 
over half of the cases due to cardiac failure of the congestive type, 
therefore, a slow one. 


Sudden death is common, occurring from acute cardiac dilatation 
or from cardiac failure of the anginoid type. The latter is especially 
liable to occur when there are associated lesions about the orifices of 
the coronaries, or a superimposed coronary arteriosclerosis. 

Patients with well-developed aortic regurgitation clue to syphilis do 
not usually survive a two-year period after the diagnosis' has been 
made, even when properly treated. Many die in six to twelve months. 
Exceptional eases, however, may live for many years. 


r. SUPRAVALVULAR. SYPHILITIC SCLEROSIS WITH ENCROACHMENT ON THE 
ORIFICES OF THE CORONARY ARTERIES 

Coronary Stenosis and Atresia . — Narrowing of the orifices of the 
coronary arteries is the second important danger of supravalvular 
sclerosis (syphilitic aortitis). 1 1 ™ 

. S ™ S °' deathS ’ “•« cases , stenosis os 

, of the eoroTi ary ostia occurred in about 30 per cent of ease, of 

which resulted in death. As many of ^ aortic re 
guigitation cases also have narrowing of tin* „ • 
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found to be the cause of death of some 15 per cent. Most, showed 
little or no regurgitation. 

The consecutive pathological events leading to narrowing of the 
coronary ostia with their symptoms are as follows: 

Supravalvular Sclerosis: The primary lesion is of course the supra- 
valvular sclerosis. 

Stenosis and Atresia of Coronary Ostia: An important observation 
which attracted little attention in the causation of coronary narrowing 
in these cases was made by von Glahn, 11 who showed that often one or 
both coronaries may have their origin above the sinuses of Valsalva 
Such high placed coronaries are a frequent congenital anomaly. 

Martland 12 called attention in 1927 to the clinical importance of 
this observation and also to the comparative freedom of involvement 
of the sinuses of Valsalva in the syphilitic process. 

As syphilitic supravalvular sclerosis usually starts in the portion of 
the aorta above a base line drawn through the upper limits of the at- 
tachments of the aortic cusps, coronary arteries which are congenitally 
situated above this line are especially liable to scarring of their ostia, 
while those normally arising in the sinuses often escape encroachment. 

It is unusual for the syphilitic process to be seen in larger branches 
of the coronaries, and syphilitic coronary disease is practically limited 
to a narrowing, or atresia, of their orifices by the lesion in the aortic 
wall. 

The heart in these cases is of normal size or only slightly or moder- 
ately enlarged. 

The right coronary seems to be more liable to narrowing than the 
left. 

When a coronary is completely obliterated so that its opening can- 
not be found, its exact location can be usually determined by opening 
the artery distal to the aortic wall. The vessel will usually be found 
quite normal in appearance and seems to escape a superimposed 
arteriosclerosis, as the walls have been saved from the wear and tear 
of arterial .strain for some time. 


O. SUPRA VAEVUEAIt SYPHILITIC SCLEROSIS WITH PRODUCTION OF AORTIC 
ANEURYSM — 

Aortic aneurysm is the third main danger of supravalvular sclerosis 
(syphilitic aortitis). 

In a combined series of deaths, including hospital cases, aneurysm 
of the aorta occurred in about 10 per cent of the cases of syphilitic 
aortitis resulting in death. 

In a series of 101 sudden deaths from cardiac syphilis, excluding 
hospital east's, aortic aneurysm was the cause of death in thirty-seven 
east's, or about o7 per cent. 

The large increase in its incidence in cases of sudden death is easily 
explained bv tin* inode of death, which is usually rupture. 
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For many years I have maintained that, the heart in 
is not usually enlarged unless there is a coexisting noitic u. . 

reduction of aneurysm together with 


tation. 

The consecutive events in the pr< 
the symptoms may be discussed togctliei . 

Supravalvular Sclerosis.— The primary lesion is a supravalvular 
sclerosis which weakens the aortic wall so that an aneurysm may take 

place. _ 

Failure of ihc Sclerosis to Involve the Aortic Valve, in the iormn- 

tion of most aneurysms the most important, factor is 1 allure of the syph 
ilitic sclerosing process to pass downward to the aortic cusps 
autopsy a great many specimens of aortic aneurysms will show little or 
no involvement of tlie aortic valve and no regurgitation. The heart is 
not much larger than normal. 


At 


As many aneurysms may exist for from ten to fifteen years, aortic 
regurgitation is often superimposed upon the lesion as a later dc- 
elopment. Occasionally the aneurysm is so near the aortic ring or 
o large that it may cause regurgitation by dilatation of the ring alone, 
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but this is not common. 

What, then, is the mechanical factor that produces aneurysm? In 
uncomplicated syphilis there is only a slight or mild hypertension. The 
systolic blood pressure in aortitis ranges from 335 to 355 nun. 3n 
aneurysms the range is even lower. The production of aneurysm is 
more likely to occur if the aortic valve is competent, and the main- 
tenance of a high diastolic pressure against the weakened aortic wall 
is possible. 

Aneurysmal Dilatation . — From its inception the dilatation usually 
becomes progressively worse through the constant effect of the high 
maintained diastolic pressure. 

Thrombosis . — The endothelial lining of the aneurysmal sae or dilata- 
tion is soon lost in places. Thrombus forms with organization and 
typical lamination. This has often been a protective influence, as 
many layers of laminated clot may act as a tampon. Even after rup- 
ture it may temporarily seal the small opening. The following case 
is of interest •. 

A white male, aged forty-five years, in apparent health had a terrific hemoptysis 
rom which he collapsed. His recovery took about two weeks. Fluoroscopic exam- 
inatimi showed a large aneurysm of the arch. He was living six months after the 
p me. A sliding clot must have temporarily sealed the small blowout. 

Pressure on Neighboring Structures .- This condition is common and 

T r,T f, th0 , classieal **»» «*< symptoms of aortic aneurysm. 

a ionT!> e ,?T SSCd W 0,,e “ teresan B and unusual con- 
bon is the so-called aneurysmal phthisis of Osier. Pressure on a 

scesL oTth^u'T Snp5urative bronchitis with ab- 
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physical signs of lung infection, with emaciation, may lead to the 
diagnosis of pulmonary tuberculosis. 

Erosion of Adjacent Structures . — In this respect the erosion of the 
bodies of the vertebrae are of interest, particularly the resistance to 
erosion offered by the elastic intervertebral discs. These discs often 
remain intact, projecting out between the eroded bodies. 

Symptoms . — The symptoms and physical signs of aneurysm are well 
known. 

Death in Aneurysm . — As stated, sudden death in aneurysm is almost 
always due to rupture. If the orifices of the coronaries are also 
stenosed, death may be sudden from cardiac failure of anginoid type. 

Slow death is due to failure of the congestive type, or a result of 
pressure on surrounding structures. 

Occasionally death may result from embolism from contents of 
aneurysmal sac. Rupture into a tuberculous lymph node may dis- 
seminate tubercle bacilli producing a fatal miliary tuberculosis. 

II. TREATMENT — 

It is perhaps excusable for a pathologist to discuss treatment if lie 
has formed certain opinions based upon anatomical observations. 

Supravalvular Sclerosis . — Intensive treatment is desirable and should 
be given in early aortitis when there are no coronary, myocardial or 
cerebral signs or symptoms. 

Of greatest importance before treatment is undertaken is the con- 
dition of the heart and coronary arteries. To determine whether the 
coronary arteries are involved electrocardiography is invaluable and 
should always be employed. 

The patient must be questioned concerning cardiac pain and angi- 
noid attacks. 

Anginoid attacks occur chiefly in those cases in which there is a 
narrowing of the coronary arteries. As some 70 per cent ot cases 
escape coronary narrowing this is the reason why anginal attacks are 
not seen with the same frequency as they are in arteriosclerosis. 

Often the pain is a typical angina indistinguishable from that due 
to arteriosclerosis. In rare cases it may simulate an occlusion. 

More frequently, however, the pain is not characteristic, and as 
many of the cases occur in hvposensitive individuals, especially in the 
negro, other symptoms may replace the pain. 

Instead of typical anginal attacks, therefore, there may lie only 
marked weakness, nerophagy. burning or gnawing pain in the epigas- 
trium. symptoms which have little or no relation to exertion and are 
not relieved by nitroglycerine. 

By intensive treatment we mean a period of previous desensitization 
of the latent syphilitic with mercury, bismuth, iodides, etc., in order 
to avoid a Ilerxheimer reaction. This is followed by the administra- 
tion with great care, of a course of intravenous arsphenamine or any 
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of its derivatives followed l)y intramuscular injections of bismuth, etc 
and sueh a course repeated after suitable rest periods according to 

the progress of the individual case. 

If the aortic lesions happen to be soft and predominant y gumma 
tons, which some are, almost a complete healing may be obtained, 
saving the patient from coronary stenosis, regurgitation, aneurysm, 01 
any combination of these lesions. 

If the aortic lesion is more sclerotic in type, which the majority aie, 
the melting away of the sclerotic process can never be completely ac- 
complished, but the disease can undoubtedly be arrested. 

With careful treatment eases may often be practically cured pro- 
vided the lesion lias not reached the openings of the coronary arteries. 
The sclerosis at least stands a good chance of being changed from a 
slowly progressive disease with a fatal outcome into a stationary one 
not incompatible with many y r ears of life. A rest it utio ad integi um 
is impossible but further progress of the disease may be checked. 

Aortic Regurgitation . — Intensive specific treatment is of little value 
and is distinctly dangerous. If it does not kill the patient, it gives little 
relief or benefit. 

If cardiac failure of the congestive type is present, specific treat- 
ment is out of the question, as eases should not be treated during de- 
compensation. Rest, digitalis, and the orthodox treatment for cardiac 
failure are to be employed. 

Mild preparatory treatment with bismuth, iodides, etc., followed by 
the judicious use of neoarsphenamine in small doses often prolong 
life. But the results are less brilliant than in any other form of 
cardiac syphilis. It must be remembered that the patient is suffering 
from an irreparable, sclerotic valvular defect and that very little 
pathological basis exists to warrant any wonderful therapeutic results. 

Coronary Stenosis . — If in cardiac syphilis narrowing of the coronary 
arteries is diagnosed with a fair degree of certainty from the clinical 
history of syphilitic anginal attacks and electrocardiographic evi- 
dence, antisyphilitic treatment is usually contraindicated. If treat- 
ment is decided upon, the greatest care must be taken to prepare the 
latent syphilitic properly for arsphenamine or its derivatives. 

Too early an injection may be followed by a Ilerxheimer reaction 
with edema of the coronary orifice and sudden death, or a severe at- 
tack of cardiac pain with all its consequences. 

Intensive us' of arsphenamine or its derivatives may eai.se too rapid 
Healing of the syphilitic process and leave a stenotic scar. The effects 
ot a healed lesion may leave the patient in a worse condition than 

hZ£T ient tl T' aPe '’ ti0 1Mracl0X of st0kes >. The following case 
is cited as an example-. ° 
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maim negative. Examination failed to show any evidence of involvement of the 
nervous system, the heart or other organs. He was in good physical condition. 
No electrocardiographic examination was made. He was started at once without 
any great amount of preparation, because of the desirability of rapidly clearing up 
his throat, with intensive arsphenamine treatments. Just after completing his first 
course lie had an attack which resembled a coronary occlusion, with typical drop in 
blood pressure, shock, extreme and prolonged pain and sudden enlargement of 
liver. He gradually recovered and had two other similar attacks of less severity. 
Since this time he has been in fair health except for slight dyspnea. Since his 
initial attack five years ago his electrocardiograms have shown T-wave negativity in 
Lead I, abnormal QRS complexes, low amplitude in Lead II, and left axis deviation. 

Jn this case there seems to he little doubt that the orifice of the 
right coronary was too rapidly healed by intensive treatment, and lie 
lias developed a stenosis or complete atresia of the artery due to a 
healed lesion, the slow course of which allowed compensatory circula- 
tion to take place. 

Aneurysm . — Many cases of aneurysm, especially those in which there 
is considerable periaortitis and mediastinitis may be greatly benefited 
by specific treatment. 

The patient should always he prepared as in case of any latent stage 
of syphilis. Then small doses of the arsphenamines. or their deriva- 
tives, carefully administered, with no attempt to cure the disease, may 
relieve the main symptom, pain, by melting away the surrounding 
syphilitic periaortitis. Aneurysms, with considerable fibrotic changes, 
arc not so benefited. The treatment is dangerous in aneurysms with 
thin walls. While the pain is often relieved, the physical signs may 
increase because of a relief of the surrounding syphilitic inflammation. 

In general the effects of antisyphilitic therapy arc not altogether 
favorable, especially when the disease has reached the more advanced 
stages. Prevention is better than an attempted cure. If syphilis is 
more effectively treated in the early stages, many cases of aortitis 
could be prevented. 


I. UNUSUAL LESIONS — 

Spontaneous Rupture of Aorta . — Spontaneous rupture of the aorta 
without any relation to trauma is often, hut not always, due to syph- 
ilis. It is of great medicolegal importance, because the gross evidence 
of syphilis is often very slight, the aorta and aortic valve being un- 
usually normal in appearance. Frequently, however, histological ex- 
amination in the region of the tear will verify the diagnosis of syphilis. 

The location of the tear is generally about 2 to 3 cm. above the 
aortic cusps, or in the region of the ductus Botalli. At these locations 
fixed points exist between the ascending aorta and the puhnonarv 
artery and at the site of the obliterated ductus arteriosus. 

These spontaneous ruptures do not always kill and can sometimes 
he identified at autopsy as a healed scar. 
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In addition, many of the dissecting aneurysms found at autopsy 
and appearing as the double barreled aortas, the false tube being ei - 
tirely lined by ingrowing intimn, probably had their origin jcais be- 
fore in a spontaneous tear. 

The following cases are of interest in connection with the foregoing . 

A negro, aged forty-five years, in apparent, health, collapsed on the street and 
was removed to hospital, dying cn route. The whole time consumed from the fall 
on the street to his death was not over thirty minutes. At autopsy a spontaneous 
rupture of the first portion of the aorta was found with a dissection of the. greater 
part of the adventitia from the entire aorta down to the right femoral artery with 
tearing into the right and left common iliac arteries and a reestablishment, of the 
blood stream. A final break into the pericardium caused death and prevented a 
chronic dissecting aneurysm. Many of the intercostal and lumbar arteries were 
torn completely across between the media and adventitia. 

There is no question that in this case almost the entire adventitia was 
peeled off the aorta in less than thirty minutes. 


A white woman, aged forty-six years, collapsed while at work. She was re- 
moved to hospital where she lived six hours in a condition of profound shock. At 
autopsy a spontaneous rupture of the first portion of the aorta was found with 
a dissecting aneurysm which reentered the aorta just below the innominate artery. 
A rupture into pericardium caused death. 


It is possible, therefore, that many chronic dissecting aneurysms 
are not of slow progressive origin, but that the greatest extension of 
the aneurysm takes place at the time of the spontaneous rupture. 
With reestablishment of the circulation the strain is relieved, death 
prevented, and healing over a longer period of time takes place. 

Miliary Aneurysm .— Small aneurysms of the aorta with minute blow- 
outs usually into pericardium are occasionally seen. They are apt to 
occur in the first portion of the aorta, frequently near the sinus of 
Valsalva, or in them. 

Other Lesions— Other lesions than those described above are exceed- 
ingly rare and of little importance. 


1. Acquired cardiac syphilis is essentially a supravalvular sclerosis 
V Hell may manifest itself in one or more of the following ways: 

f J a) M smal1 isoIated patches of sclerosis in locations doin'* little 
damage (historical landmarks). ° U e 

t, Jf lar| f' . °* wlenwis which become confluent, and convert 

aoitic arch into a thickened, rubbery tube. 

(e) As triangular patches of sclerosis which infilw* w 
~„,s ot the aortic cusps causing ^ 

3 extension of the scarring process over fh» 
narrowing or complete atrcsVof 
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Fip. 1. — Aortic repu ridtatlon. First, most frequent and important (lancer of syph- 
ilitic supravalvular sclerosis (syphilitic aortitis). Occurs In about )Ki per cent of 
syphilitic aortitis which result in (loath (combined hospital and medical examiner's 
statistics). 

About .'hi per cent of cases of sudden death due to syphilis of aorta and heart 
show recu rpitation as the predominating lesion (medical examiner’s statistics). 
PPM MARY : 

1. Always a secondary extension from a syphilitic aortitis. 

2. ‘VVideninc of commissures by infiltrating, sclerotic process is the Important 
lesion producing the repurpitntion. 

•'1. Thickened free edftes of aortic cusps are usually mechanical in orlcin. 

•t. Aortic recu imitation is often combined with narrowlnp or atresia of tiie corn* 
naries. .and it is sometimes superimposed upon an old aortic aneurysm. 

•">. Heart nearly always shows marked hypertrophy and often dilatation, especially 
of tiie left ventricle. 

(i. Main myocardial lesion is hypertrophy. Seen on cross and microscopic ex- 
amination. Other lesions are infrequent and of no (treat significance. 

7. The irreparable sclerotic lesion is not as a rule favorably Influenced by specific 
treatment. 

S. Sudden death is due to acute dilatation or to an nnpinoid type of failure when 
tiie coronaries are involved. When death is delayed it is usually due to failure of 
tile concestive type. 

f*. As a rule patients do not survive a two-year period after the dlnirno“ls is mole. 
Many die within six to twelve months. Exceptional cases may live for many year*. 

Case OMB. fM».V5. — Male. asre<l i.'! years. Colored actor, sudden »f» rit is while rcadlne 
his lines. 

Tie- heart Wcicln-d 1100 prams. Typical, triamrular patches of supravalvular 
sclerosis with extension to tiie aortic cusps may be noted. Tin-re is not much tfi.cK* 

• •nine of tiie free (litres of tin- cu«ps. tie- main le«ion beitur tiie commissural wldcnfni:. 

Tie- heart muscle showed enormous hypertrophy. an-1 no sje-clflc Psion* wr- 
s- - n on microscopic examination. The richt coronary has a liisrh r-ripfn and show* 
betrinnliip encroachment ->n its orifice. 

A probe i* inserted in the orifice of the left coronary. 


, KD: ««m» or TUB AORTA » «"»«* 





Fig. 2. — Aortic regurgitation, (I) CME, 2343. Male, white, aged thirty-five years. 
Sudden death in moving picture house. The typical triangular patches of sclerosis 
with extension to the aortic cusps, widening of the commissures, thickening of free 
edges, retraction of cusps and false hands on interventricular septum, may be noted. 
The coronaries, although their orifices are high, have escaped encroachment by the 
syphilitic process. Tile sinuses of Valsalva are free. The orifice of the right coronary 
is on the edge of a sclerotic patch but it is not yet stenosed. 

(2) CME, 4(144. Male, colored, aged forty-six years. Sudden deatli in physician’s 
office. Same as 1 . There is beginning encroachment on orifice of right coronary 
which is situated slightly above base line. 

(3) CME, 4S13. Male, colored, aged thirty-eight years. Sudden death on street. 
The heart shows aortic regurgitation combined with coronary stenosis and atresia. 
There is fusion of the triangular patches forming a horizontal band across first 
portion of the aorta and producing complete atresia of the right coronary, the orifice 
°i winch is an atresed dimple 1.5 cm. above the base line. There is marked rolling 
of tiie free edges of the cusps. 

«) CME, 4532. Male, white, aged fifty-seven years. Sudden death while at work. 
The heal t shows aortic regurgitation with marked superimposed arteriosclerosis The 
aor V?,..? usps are retracted, shrunken with marked rolling of their edges " Tiie 
syphilitic process in the aorta is almost entirely obscured by the arteriosclerosis. 


» 
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Fig. 3. — Stenosis and atresia of coronaries, second main danger of syphilitic supra- 
valvular sclerosis (syphilitic aortitis). Occurs in about 30 per cent of syphilitic 
aortitis resulting in death (combined hospital and medical examiner’s statistics). 
This percentage, however, includes many cases of aortic regurgitation with combined 
lesions. 

About 15 per cent of cases of sudden death due to syphilis of aorta and heart 
show coronary stenosis and atresia in more or less pure form. 

Summary : 

1. The process is always a narrowing, often to a complete atresia, of one or 
both arteries, due to encroachment upon their orifices in the aortic wall by the 
syphilitic process. Syphilis of larger and even smaller branches of the coronaries is 
rare and of little clinical or pathological importance. 

2. If the coronary orifices are congenitally high above a ifhse line drawn through 
the upper attachments of the aortic cusps, they are much more liable to narrowing 
than if they arise normally in the sinuses of Valsalva. 

3. The heart is usually normal in size or slightly enlarged in the pure forms of 
this lesion. The muscle is quite normal in appearance and usually shows no evi- 
dence of any specific myocardial lesions. Occasionally an inanition atrophy similar 
to brown atrophy is seen. 

4. As the narrowing or atresia takes a long period of time in its development, 
compensatory circulation is often established. 

5. Sudden death is difficult to explain on account of the long duration of the 
stenosis. Physical strain, fright, emotions, etc., seem to play an important role. 
Syphilitic angina usually occurs in this type of case and not in other forms of 
cardiac syphilis. It is usually anginoid •with atypical symptoms, but sometimes re- 
sembles the angina of arteriosclerosis, and even an occlusion in rare instances. 

6. Specific treatment in these cases is usually contraindicated, because of the 
danger of a Herxheimer reaction or too rapid healing causing a therapeutic paradox. 

Case, CME, 5S5S — Male, white, aged forty-nine years. Sudden death on street. 
The heart shows extensive, diffuse supravalvular sclerosis with complete atresia of 
the left coronary, the orifice of which cannot be found, and marked stenosis of the 
right coronary. Both arteries have their origin above the base line. 
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■ *• T “ tb “ k ° f OecH, Philadelphia, 1 9 28, p. 408, 
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12. Mnrttand, H. S.: Cardiac Syphilis (Syphilitic Aortitis), J. M. Soc. N. J„ 24: 

DISCUSSION 

to fsk Dr^f f ’ 1 G ! eVelaiK1, 0l,io -— 1 am interested in this material. I would like 
, . ' 1 arHjnd 111 regard to those eases in which arteriosclerosis obscures the 

lesions of aortic syphilis, whether or not he believes that widening 

missure affords send evidence for the presence of syphilis. We agree with Ms' X 
servafen coneernrng involvement of the valve, especially the midL portion We 
■aye not demonstrated syphilis in this position, and I think that the thickening of 
the midportion of the valves is dne to eversion during diastole. g “ f 

. Tlr \ H : ; 5 ' (closing). I think the widening of the commissure is so 

characteristic of syphilis as to be almost sufficient for diagnosis. 
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(e) Bj w eakening of the aortic wall and production of aneurysm 
Tins is especially likely to occur when the aortic valve remains com- 
petent. 

(f) By any combination of the above. 

2. We speak of the process as a sclerosis because the lesion found at 
autopsy is a deforming- defect which has been following previous gum- 
matous infiltration. In a somewhat similar maimer we speak of the 
chrome valvular defects of rheumatism. The process in syphilis never 
heals completely. In some cases the lesion may remain distinctlv o- um - 
matous and the involved areas soft. These are more favorable" for 
ti eatment than the deforming sclerotic cases. 

3. Syphilis involving other portions of the heart is imusual and is 
of no great clinical or pathological importance. 


CONCLUSIONS 


1. From a. clinical and pathological standpoint, I believe that we 
should regard syphilis of the aorta and heart as an acquired disease 
(congenital cases being infrequent) developing insidiously and showing 
symptoms years after the initial infection. 

2. It is possible to recognize clinically and to diagnose an early 
aortitis, an aortic regurgitation, a narrowing of the coronary ostia, an 
aneurysm, or any combinations of these lesions. Treatment* and prog- 
nosis should be based mainly upon such recognition. 

3. The myocardium in syphilis is frequently normal. When the aortic 
Aul\e is involved, the main myocardial lesion is hypertrophy. Inanition 
atrophy is occasionally encountered. Specific lesions of the myocardium 
are infrequent, and, when they occur, are so slight in extent as to be of 
little practical importance. 


It; 1S safer ancl better to assume that the coronaries distal to the 
aortic wall are usually normal in pure, uncomplicated syphilis, and that 
coronary occlusions, anemic infarcts, necrosis of heart 'muscle, replace- 
ment fibrosis, aneurysms of ventricular walls, and fibrous myocarditis 
are almost entirely due to coronary injury dependent upon an arterio- 
sclerotic process and have nothing to do with syphilis. That rheu- 
matism and other infections may also produce forms of interstitial 
myocarditis is obvious. But it appears that syphilis does not plav an 
important, role m the production of such lesions. 
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THE GROSS PATHOLOGY OP THE HEART IN 
CARDIOVASCULAR SYPHILIS 

•James G. Carr, M.D. 

Chicago, III. 

■THIS study covers cases from the records of the Cook County 
Hospital hi which a diagnosis of syphilitic aortitis was made at 
autopsy. Except for 8 cases, the full clinical records of which for one 
reason or another could not be obtained, all of the cases are here in- 
cluded in which syphilitic aortitis was found during 1929. 

The diagnosis of syphilitic aortitis was based on accepted macro- 
scopical and microscopical findings of this condition. Syphilitic aor- 
titis is characterized grossly by its appearance and location. The 
intima of the aorta shows an irregular wrinkling, fine or coarse, with 
irregularities of the surface, the result of elevations and depressions 
produced by scattered areas of inflammatory fibrosis. The intima is 
no longer smooth, permitting the light .yellow media to shine through ; 
the patches of aortitis are whitish in color. This process begins about 
one centimeter above the aortic ring, and is usually most marked in 
the ascending portion of the aorta, though it frequently involves the 
entire thoracic aorta. Occasionally the whitish plaques and wrin- 
kling are found in the abdominal aorta, even as far as the division 
into the common iliacs. The process may be quite marked about the 
mouths of the main vessels arising from the arch and the intercostal 
arteries, but it rarely extends along the course of these vessels. 

Histological^, the process is characterized particularly by the pres- 
ence of perivascular infiltration of the vasa vasorum, which begins in 
the adventitia but develops also in the media, and by the new forma- 
tion of capillaries extending into the media. Later, perivascular 
areas of connective tissue with round cells and plasma cells may be 
found, and sear formation within the media, the retraction of which 
is responsible for the wrinkling and furrowing of the intima. The 
perivascular inflammation and formation of new capillaries are of 
most importance in the diagnosis. In the series studied, the anatomi- 
cal diagnosis, if in any way questionable, was confirmed bv micro- 
scopic examination. In the last five months of the year, after this 
study was planned, the diagnosis was not made by the pathologist, 
Dr. Jaffe, or his assistants unless confirmed microscopically. 

The differentiation must be made from loss of elasticity, atheroma- 
tosis and aortitis of nonspecific origin. Simple loss of elasticity is 
characterized by fine wrinkling, longitudinal and parallel as com- 
pared to the coarser wrinkling with the marked irregularity of syphi- 
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lis TllP ™ce of atheromatosis is eharaeteme.1 by '» »’• * 

, ,d fatty atheromatous ulcers, ami enlci«ca.io„. )•',„<>' pl«p - ' 

Tolio!, a,„l caleifi cation aro no, a part of syphilis alone. A.h,rm».- 

tOT h is a simple degenerative, process, with "bbnmiia •> • 

tosis IS A snupu, 1 ....... l n , fit 

changes in the adventitia or media, l hm m.n ‘ ' - 

the media without newly formed capillaries or ev’luUn uit i at • 

The ultimate decision is with the microscope. u , 

als the picture of syphilitic aortitis is usually deal ; n ‘ . 

lost its smoothness, shows irregular wrinkling am puev< n m 
color changes from light yellow to white. In older individuals the 
presence of atheromatosis clouds the picture and makes microscopical 
examination imperative for diagnosis. The frequent coincidence n 
aortic syphilis and atheromatosis is responsible for the difficulties en- 
countered in the attempt to estimate the clinical significance <d cither 
process. 

The differentiation of syphilitic aortitis from rheumatic or nonspe- 
cific aortitis is difficult; in both conditions the perivascular infiltration 
is found, but in the rheumatic type this is more strictly confined to 
the adventitia and probably does not invade the media beyond its 
outer third, that part of the media adjacent, to the adventitia. The 
diagnosis, however, rests largely upon the history and stigmata of 
syphilis in one group, the history and presence of other signs of rheu- 
matic cardiac disease in the other. It is very difficult to differentiate 
the etiology of perivascular scars. 

One hundred and nineteen autopsy reports were studied. In 351 
instances the weight of the heart was less than 300 grams. Forty-four 
of the hearts weighed between 300 and 4f>0 grams, and 53 over -,150. 
In 5 instances tbe exact weight of the heart was not recorded. The 
largest heart weighed 1,060 grams. This was from the body of a man 
sixty-six years old. Another heart weighed 3,000 grams, and 8 
weighed over 700 grams each. The myocardium presented no char- 
acteristic findings. Twice fresh infarctions were found and six times 
old sears, probably of vascular origin. One of these had resulted in a 
cardiac aneurysm and another had caused the replacement of about, 
the upper one-third of the ventricular septum with a fibrous sear. 
Parenchymatous degeneration was described 14 times; in 30 instances 
this was associated with some severe infectious disease ; once with car- 
cinoma; once, with atrophic cirrhosis; once, with primarv contracted 

kidney, and once with marked - - 


coronary sclerosis associated with pri- 


“'7' Cloudy welling described f„„.. times 
twice with generalized tuberculosis. ’ 

branches n „1 H™ 8 «f one of tbe laroor 

oranenes oi the coronary eircnlntirm . J 

In 49 instances it was noted that tbe’ T**™™ com l ,letc - 

or contained numerous plaines! The 7™™! 
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alized aiteiiosclerosis with the syphilitic changes in many of these 
cases makes it impossible to separate the two factors in the considera- 
tion of coronary disease. In 10 instances, however, the reports justify 
the conclusion that the typical wrinkling of syphilitic disease had 
involved the aortic intima about the coronary orifices. These figures 
are somewhat less than Dr. Jaffe anticipated. One striking statement 
is found in the report of an autopsy upon the body of a woman of 
twenty-four years. “Orifices are narrowed with wrinkling about 
them. ” 

The cardiac hypertrophy as shown by the weight of the heart may 
be further illustrated by the measurements of the ventricles. Kauf- 
mann quotes Krause as authority for the statement that the normal 
thickness of the right ventricle is from 5 to 7 millimeters; that of the 
left from'll to 14. In this series, the thickness of the left ventricle 
was more than 14 millimeters (the maximum normal just quoted) in 
87 instances ; in 61 of these, this measurement was more than 18 milli- 
meters; of 38 hearts in which the thickness of the left ventricle was 
more than 20 millimeters, 28 weighed more than 450 grams. In this 
same group aortic insufficiency was diagnosed anatomically 12 times, 
primary contracted kidney 6 times, secondary contracted kidney twice, 
and ecc entile hypertrophy with benign arteriosclerosis of the kid- 
ney 5 times. (This last term as used in the pathological report ap- 
pears to be most closely related to the condition regarded clinically as 
hypertensive heart disease.) In the whole series the thickness of the 
right ventricle was more than 7 millimeters, only 10 times; in all of 
these the left, ventricle gave measurements above the maximum cited, 
although in one ease in which death had resulted from chronic pulmo- 
nary tuberculosis, the left ventricle was only 15 millimeters thick; of 
the other 9, 5 were cases in which the total cardiac weight was over 
600 grams. In one instance death was the result of malignant endo- 
carditis of the pulmonary valves, in another of mesothelioma of the 
pleura. Of the 10 cases of right ventricular hypertrophy, one-half 
were a part of an extreme cardiac enlargement, and 3 were the result 
of a chronic disturbance of the pulmonary circulation. 

In a number of instances small pericardial effusions were noted. In 
19 cases more than 100 c.c. of fluid was found. In 8 of these there was 
decompensation with general anasarca ; the amounts of fluid found 
varied from 100 c.c. to 300 c.c. Pour times the cause of death was 
uremia, due to contracted kidney, and once, uremia resulting from 
ascending infection of the urinary tract. In one of these five, and in 
another case of contracted kidney where the pericardial effusion was 
small, fibrinous pericarditis was present. Twice, serous effusions were 
found with aneurysm; once a hemorrhagic effusion following rupture 
of an aneurysm into the pericardial sac. Once bronchopneumonia was 
the cause of death, once mesothelioma of the pleura, and in another 
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The second group includes hearts weighing between 300 and 450 
grams (not more than 50 per cent above the commonly accepted nor- 
mal) ; there were 44 of these. In 21 cases death was the result of. some 
intercurrent disease ; in 6 of these, cardiac disease had been recognized 


Table II 


TOTAL 

AVERAGE 

AGE 

DEATH 

PROW 

1XTER- 

CURREXT 

DIS- 

EASE 

BLOOD 

PRES- 

SURE 

OVER 

160 

AXEU- 

RYSM 

AORTIC 

IXSUF- 

riCIEXCV 

MARKED 

COKO- 

XARY 

SCLE- 

ROSIS 

Group 1. 

Weighing less than 
300 grams 

10 

47.9 

IS 

O 

0 

2 

5 

Group 2. 

300-450 grains 

44 

50.0 

21 

9 

s 

3 

s 

Group 3. 

More than 

450 grams 

51 

4S.0 

s 

2S 

5 

1.0 

IS 


clinically. In this group there were S aneurysms and 3 cases of aortic 
regurgitation. In 9 cases (20.4 per cent) the blood pressure had been 
160 mm. or above. 

In this group, primary contracted kidney was found once; appar- 
ently 3 cases diagnosed anatomically as renal arteriosclerosis with 
eccentric hypertrophy of the heart had been regarded clinically as 
hypertensive cardiac disease. In 8 instances marked coronary sclero- 
sis was noted ; in one of these there was partial occlusion of one coro- 
nary orifice. The record of this case contains this statement, “dis- 
tinct wrinkling, especially about the coronary orifices.” In this group 
the average age was fifty years. 

In the third group, including hearts of more than 450 grams in weight, 
there were 51 cases; the average age was forty-eight years. In S 
cases, death was due to intercurrent disease ; in 3 of these the pres- 
ence of cardiac disease had been diagnosed. Aneurysm was present 
5 times. Aortic regurgitation was found anatomically in 19. 

The percentage incidence of aortic regurgitation was 37.2, as against 
11.4 in the second group and 10.5 in the first. In 13 instances, the 
clinical records of those with aortic regurgitation had shown the blood 
pressure above 160. In 28 of the entire group the pressure had been 
over 160, a percentage incidence of 57.1 as against 20.4 already cited 
for the second group and 11.7 for the first group. Prim am contiacted 
kidney was present 6 times. Marked coronary sclerosis was noted 18 
times ; in 3 instances there was partial, and in one, complete closure 
of a main branch of the coronary circulation. 
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PATHOLOGY OP 1U5ART IN CARDIOVASCULAR SYPHILIS 


CONCLUSIONS 


1 Extent for the predominant left ventricular hypertrophy winch 
resembles that of essential hypertension, the gross myocardial c mngcs 
wit), svnhilitie aortitis are not eharactenstic. 


associated with syphilitic aort _ V nhilitie 

2 The incidence of myocardial degeneration as a result ot s> phi 

involvement of the coronary circuit is not great. The » ^ 
rence of arteriosclerosis with syphilitic disease makes it difficult 
separate these two factors as causes of coronary disease, liohal) 
less than 10 per cent of the cases with aortic syphilis are associated 
with coronary disease of syphilitic character. In this series, a descrip- 
tion of the involvement of the coronary orifices in the typical wrin- 
kling of syphilitic aortitis was found only 30 times, an incidence of 8.4. 
per cent. 

3. Aortic insufficiency is found in about 20 per cent of the hearts 
associated with syphilitic aortitis. It is the lesion most easily locog- 
nized and is most, likely to be present, in the advanced cases. In this 
series, it occurred in 19, or 37.2 per cent, of the hearts weighing over 
450 grams. 

4. Hypertrophy of the heart, is a significant index of the degree of 
cardiac involvement in cardiovascular syphilis. This sign is absent in 
the latent stage of the disease but. becomes increasingly important as 
signs of cardiac disease appear. In a group of 44 cases in which 
autopsy showed definite cardiac enlargement, of various degrees, up 
to a maximum of 50 per cent, 21 died of intercurrent, disease, and 15 
of these had not been diagnosed as subjects of cardiac disease. Some 
of these presented symptoms of acute disease so marked as to cloud 
the picture, but others did not. Both aortic regurgitation and hyper- 
tension were infrequent in this group. The presence of an unexplained 
or “idiopathic” cardiac hypertrophy in individuals of middle life may 
well excite the suspicion of syphilis. 

5. The two important causes of cardiac hypertrophy are aortic re- 
guxgitation and hypertenson, which latter is a common occurrence in 
this type of case. There is a significant incidence of contracted kid- 
ney with advanced stages of cardiovascular syphilis. 

6. In this series, aneurysm was found more frequently in the cases 
characterized by relatively minor cardiac symptoms. These results 


seem to illustrate the frequency with which aneurysm may be present 
without involving the heart, or causing symptoms of cardiac disease. 

1 n iS i' t0 “ ake gl ' ateful 'Acknowledgment of my indebtedness to 
. , E ‘ H ‘ Jaffe > Pathologist of the County Hospital for helnf.,1 T 7 

criticism in the preparation of this paper.' ’ P ggeshoits and 

DISCUSSION 
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intimitis involving the coronary orifices and leading to partial or complete occlusion 
of these vessels. 

Dr. George Herrmann, New Orleans, La. — AVe are interested in cases of hyper- 
trophy in syphilitic heart disease with and without regurgitation. Dr. Carr 
spoke of the greater thickness of left ventricular wall as indicating preponderating 
hypertrophy. I would like to know whether any actual weights of the separated 
left and right ventricles were recorded so that the relative proportions of the left 
and right heart could be reported. I believe that such and only such figures are 
adequate. In a small series of some twenty-five syphilitic aortic regurgitation hearts 
I found relatively little real left ventricular preponderance. 

Dr. H. E. B. Pardee, Xew York, X. Y. — I would like to know if you found any 
hypertrophied hearts which did not also have an aortic insufficiency or hyperten- 
sion!. 

Dr. Carr (closing). — I think there were a number of cases moderately enlarged 
without regurgitation or hypertension. I hope to work up the data on this subject 
as part of a more complete study. 



MICROSCOPIC PATHOLOGY OF CARDIAC SYPHILIS 

CllAUNCEY C. MaIIEB, M.D. 

Chicago, 111. 

t N SPITE of the fact that an immense amount of sEuly has boon 
1 devoted to the microscopy of cardiac syphilis, apparently there 
remains considerable dissension among observers as to that n )m i 
constitutes the exact picture of this disease. May 1 prelaw the discis- 
sion of this subject by briefly stating our conception ot the pathogene- 
sis of cardiac syphilis and mention a few of the. difficulties encountered 
in this type of study ? 

It is assumed that early in the second stage of a syphilitic inteetion 
a spirochetemia occurs in which the heart suiters early changes, reach- 
ing - the major involvement when aortic regurgitation supervenes. 1 be 
pathological picture present varies with the amount and efiicac\ oi 
treatment, with the resistance developed in the individual, and prob- 
ably with the malignancy of the strain. Pathological entities other 
than syphilis, such as hypertension, arteriosclerosis, and other chronic 
or acute infections, may distort, the picture. Terminal death-producing 
phenomena merit a special mention. From another standpoint it. 
would seem exceedingly important to mention that syphilis is particu- 
larly likely to he localized in its activity. It is for this reason that I 
would like to present to you the following method of selection of mate- 
rial to disclose adequately the true microscopic picture of cardiac 
syphilis. Sections to be studied were chosen from the following: 

Aorta, one inch above the valves. 

Aorta, two and one-half inches above the valves. 

Aorta, mid arch. 

Aorta, descending portion. 

One block through commissure of aortic valves. 

Six to ten blocks of the larger coronary vessels. 

Two blocks from the upper part of the septum. 

One block from midseptum. 

One block from lower septum. 

Three blocks from each, of the right and left ventricular walls 

One block from the right and left auricular muscle. 

One block from the pnpilhiry muscle. 

Blocks were also taken from any particular spot where any gross 
muscular pathologic change was evident. 

n.e cases selected for study are necessarily limited, because of the 
previously mentioned distorting factors. Inasmuch as aortic rc- m -i 
tation represents the acme of syphilitic involvement n fu i e 

- lo the extent OT it, of tie 
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Furthermore, cases in which hypertension, renal disease, acute and 
chronic infections, arteriosclerosis and those in which death was a 
lingering- process were excluded, leaving syphilis as the single lethal 
factor. 

There are essentially three modes of attack for study of this prob- 
lem. One may study the inflammatory cellular reaction, with its sub- 
sequent replacement by connective tissue, or the degenerative changes 
which the parenchyma undergoes, or finally, that which is probably 
the most difficult, staining the spirochetes m situ. Obviously, it is 



Fig. 1. 


upon this latter method that the whole question revolves. A simple 
method for the demonstration of spirochetes, workable in all hands, is 
a necessity. Adaptations of the neuropathologist’s staining methods 
for inflammatory cellular reactions will undoubtedly add much to our 
knowledge. The scope of this preliminary study is limited to the dem- 
onstration of the cellular infiltration, with reference to its location and 
extent by the ordinary hematoxylin-eosin stain. 

The general pathologist and the neuropathologist have stressed the 
presence of lymphocytes, plasma cells, new connective tissue elements, 
and the endothelial proliferation in the blood-vessel intima, with new 
blood-vessel formation as criteria of active syphilitic involvement. The 
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cellular infiltration about bloocl vessels is generally accepted. I would 
like to point out the similarity of tlie microscopic picture of general 
paresis and that of aortic regurgitation, stressing the vascular phe- 
nomena, the visceral pericardial changes and the muscular infiltration.* 
Coronary Arteries . — The main arteries and their larger branches are 
the seat of a round-cell infiltration which is exactly like that seen, in 
the aorta. In the first few centimeters of their courses this is liable to 
be exceedingly dense. As the arteries subdivide, the collections of 
cells become less frequent and smaller in size. The invasion is charac- 
teristically located in the adventitial coat but may invade the media or 
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pathology department of Cook County Hospital, to whom I am indebted 
for his efficient criticism of this work, informs me that these larger 
areas may be detected grossly. 

Myocardium . — In the septum and in the walls of either ventricle this 
same infiltrative process may be seen. It was seldom found as a dif- 
fuse uniform process. Some sections were without findings; others 
showed localized areas of infiltration with apparently normal muscle 
intervening. In the interstitial tissue when a vessel is cut in cross- 
section, one commonly finds a scattering of lymphocytes and plasma 



F is. 3. 


cells in the loose fibrillae. Sections showing the muscle fibers longi- 
tudinally with the interlying capillary frequently have a single layer 
of round cells lying about it. This single-file arrangement of cells 
between the muscle fibers was pointed out by Warthin some years ago. 
Patches of fibrosis composed of connective tissue of varying age aie 
quite common. 

Fig. 1 shows a diffuse round-cell infiltration in the muscle taken 
from the wall of the left ventricle. Fig. 2 shows a localized group of 
round cells near the epicardium extending into the muscle. Fig. 3 
shows a capillary cut tangentially with the endothelial elements ap- 
pearing dimly out of focus, with a single layer of round cells lying just 
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outside the wall. This latter is a characteristic picture but not leaclilj 
demonstrable. 

SUMMARY 

Five eases .1 xmcomplicatert and probably ra.trc.ted 
tation were studied mieroseopieally from many sections. A » ' hoA of 
selection of blocks of tissue for intensive study is presented. Ike 
inflammatory reaction, presumably due to syphilis by ^clnwon <> 
other factors was found to be a lymphocytic and plasma cell mfiltin- 
tion about the coronary arteries and their branches and beneath the 
visceral pericardium. In the muscular tissue the invasion appeared 
between the fibers and can be demonstrated about, the capillary walls. 


DISCUSSION 


Dr. E. P. Carter, Baltimore, Mil. — We have been interested in this question of 
differentiation of the luetic process, and we have noticed particularly these areas 
of diffuse, round-celled infiltration, but we have no positive, proof that it is the 
syphilitic process. Does Dr. Maher feel that lie can make a diagnosis from his 
findings in the absence of a history of syphilis? Another question, why does the 
lesser circulation seem to remain so constantly free from any syphilitic involve- 
ment? 

Dr. Kurts, Madison, Wis. — How often was this infiltration found? Was it found 
in 100 per cent of eases? Was there any difference noted in cases with aortic 
aneurysm and those with aortitis higher up? 

Dr. Paultin, Atlanta, Ga. — I would like to ask if the speaker has demonstrated 
spirochetes in the pericardial lesions. 

Dr. S. TP . Scott, Cleveland, Ohio. — Had you any criteria to differentiate the 
myocardial lesions in coronary disease from those seen in diseased hearts from other 
causes ? 


Dr. Maher (answering Dr. Carter).— I do not think I would be able to make this 
diagnosis without the clinical history. X do not know why the smaller vessels remain 
free. In regard to aneurysm and regurgitation, we studied few aneurysms in- 
tensively, but aneurysm affects the heart itself least, regurgitation most, and 
aortitis lies between. I have never demonstrated spirochetes, but I think they are 
there. I have used Dieterle’s and Wnrthin’s stain, also Lcvaditi’s stain. Answer- 
ing Dr. Scott, the coronary artery picture j s the same in syphilitic lesions ns in 
lesions from other causes. The vessels show round-cell infiltration. 

Dr. TF. W. Hamburger, Chicago, Ill-Does Dr. Maher feel that this picture of 
i icroscopic pathology should be taken as evidence of active untreated syphilis, or 
had these patients been treated? * * * 

« r ,,ot of i :r 

„ S pl,e,,™, there n. in the' picture .1 



THE LOCALIZATION OB’ THE LUETIC VIRUS IN TIIE AORTA 

J. W. McMeans, M.D. 

PITTSBURGH, Pa. 

OIPHILIIIC aortitis is insidious in its onset and is, as a rule, chronic 
and progressive. Primarily it is considered to be a granulomatous 
inflammation of the periarterial tissues and adventitia characterized 
by lymphatic and perivascular lymphocytic infiltration and endothe- 
lial-cell proliferation. The intimal endothelium of the arterioles pro- 
liferates and in many instances leads to occlusion of the vessels. In 
places miliary gununata are formed. Prom the adventitia the syphilitic 
granulomatous reaction progresses by contiguity to involve the other 
tissues of the aortic wall. 

In 1927 Peck 1 reviewed the literature on syphilis of the pulmonary 
artery and reported one case of this disease. He remarked that the 
necrotic gummatous formations of the severest type may remain en- 
tirely localized to the intima of the pulmonary artery and states that 
this is contrary to the observations so far described in the pathological 
anatomy of gummatous aortitis in that, in the latter, there is a total 
syphilitic mesaortitis. In the same year Sapliir and Cooper- described 
a case of acute suppurative aortitis superimposed on syphilitic aortitis. 
They stated that the whole intima presented an increase in connective 
tissue and areas of hyalinization, in some of which a few endothelial 
cells and plasma cells were found. In addition to these changes, large 
formed vessels extended up to the intima and were surrounded by 
lymphocytes and circumscribed areas of leucocytic infiltration. They 
noted that the acute suppurative aortitis was formed exclusively in the 
intima and inner portion of the media, which areas are supplied not by 
the vasa vasorum but by the circulating blood. A diplococcus lanceo- 
latus was recovered from the blood at autopsy. 

In the past several years I have had an opportunity to perform nec- 
ropsies in the service of Dr. W. J. McGregor, coroner of Allegheny 
County, Pennsylvania, and I have been fortunate to find a large num- 
ber of eases of syphilis of the aorta in its various stages. 

One of the outstanding features of this disease is the capillary endo- 
thelial-cell proliferation which it is agreed constitutes a typical oblit- 
erating endarteritis. For some reason or other a peculiar chemotactic 
influence is exerted upon endothelial cells of lymph spaces and capil- 
laries by the virus of syphilis. If this is true in the case of the vasa 
vasorum of the aorta and again in the intima of the pulmonary artery, 
there is no reason why endothelium in other locations should not re- 
spond to the influence of the virus. Certainly, the endothelium of the 
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aortic iut.ima differs in no material way from those already mentioned, 
and there is some evidence to show that there is a reaction in aortic 
intima which is comparable to that which is considered characteristic 
for syphilis in the outer coats of this vessel. 

That the syphilitic granulomatous reaction does not remain limited 
to any part of the wall of the aorta is illustrated by the findings in a 
case of an individual (W. B. W., Nov. 14 1929) found dead in a room- 
ing 1)ouse - No history could he obtained. Grossly the wall of the 
aorta was thick and tough. The intima was wrinkled and puckered 
The condition involved the base of the vessel extending into the sinuses 
of Valsalva. The aortic leaflets were moderately shrunken. The mi- 
tral valve was healthy. The coronary orifices were pin-point in char- 
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tlie interstices of this meslnvork there were lymphocytes and occasional 
polynuclear leucocytes. Capillaries and a typical granulomatous in- 
flammation were followed through the wall at irregular intervals from 
the adventitia. 

A section of the left coronary artery at its origin showed a prolifera- 
tion of the intimal endothelial cells in a fine papillary arrangement 
"" ith the cells at right angles to the surface. Numerous leucocytes and 
occasional lymphocytes infiltrated the intima and extended for a short 
distance into the wall. There was no evidence of atherosclerosis. The 
reaction in the intima of the aorta and in the intima of the left coro- 
nary artery were contiguous and presented all the characters of a typi- 
cal syphilitic granuloma. Such areas of intimal change are prone to 



Fig. 2. — High power field of case (W. B. W.) showing endothelial ce'l prolifera- 
tion and vascularization of deep intimal tissues. About orifice of left coronary 
artery. 

undergo necrosis with the development of an ulcerative intimitis which 
may serve as a focus for the entrance of an acute mycotic invasion of 
the wall or of itself foster the formation of a mural thrombus. Over 
such areas of granulomatous change I have observed tbe margination 
of leucocytes upon tbe intimal endothelium and then the penetration 
of the leucocytes into the subjacent superficial layers, internal to tbe 
remnants of the frayed and hypertrophied internal elastic layer. In 
review, the cause of death in this ease was coronary occlusion second- 
ary to a luetic intimitis of the aorta. 

Recently I have observed three cases of mural thrombosis of the as- 
cending aorta complicating ulcerative luetic intimitis not associated 
with fatty degeneration or atheromatous change in the intima. In all 
of these cases the aortic and mitral valves were healthy. In the first 
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case (M. W., Sept. 16, 1929) tlie intima of the ascending aorta was 
smooth and pale. As the areli was reached, the intima changed in 
character, becoming finely wrinkled and puckered. The intima of the 
branches of the arch showed a similar appearance at their orifices. 
Here the wall of the vessel was from two to three times as thick as in 
the ascending or thoracic parts. On the posterior wall there were 
three firmly adherent, grayisli-red thrombi, one of which measured 
1 cm. in diameter. The latter clot was situated just below the orifice 
of the innominate artery. The other two clots were pea sized. 

A section of the aorta showed a marked perivascular infiltration of 
lymphocytes about the vasa vasorum. Associated with the lymph o- 
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beneath this raised area. Over the surface of the raised area there was 
a single layer of flattened endothelium. Between this endothelial cov- 
eiing and the internal elastic layer there was a striated network of 



Fig. 4. — High power from field from border of intimal thrombus showing intimal 
reaction in case (M. W. ). Note the endothelial cell proliferation with lymphocytes 
and plasma cell infiltration. There is ddbris upon the intimal surface. 



Fig. 5. — High power field of another area in intima of case (M. W). 

pink-stained, fine fibrils in which there was incorporated homogeneous, 
pink-stained material. There were swollen, round and oval nuclei 
which stained moderately blue. In other areas they were just visible, 
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and about them tliere were pink-stained areas with the .surest ion ol 
indefinitely defined cell bodies. 

Beneath this area in the media approaching the /.one between the 
middle and inner thirds there were small blood vessels with perivascu- 
lar infiltration which was like that found in the adventitia. Other 
areas of intimal reaction were seen where the tissue between the inter- 
nal elastic layer and the endothelium was packed with lymphocytes 
and occasional polynuclear leucocytes. The numbers of lymphocytes 
gave the appearance of a chronic inflammatory reaction like a granu- 
loma. As the intimal reaction was followed the numbers of lympho- 
cytes increased to the edge of the thrombus which has been described 
in the gross specimen. This thrombus was laminated. It consisted of 
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leucocytes. Part of the clot was necrotic. In some places free bloocl 
still remained in the clot. Some lai'ge mononuclear cells with swollen 
nuclei were seen. On either side of the thrombus flattened endothelial 
cells were found extending over the surface. In review, the cause of 
death in this case was acute alcoholic gastroenteritis. The findings in 
the aorta were incidental, and they constituted an early but well- 
defined syphilitic intimitis which had undergone gummatous necrosis. 
The vital first part of the aortic intima was uninvolved. 

In the second case (F. Z., Oct. 31, 1929) at a distance of 2 cm. above 
the right anterior aortic segment there was a raised, firmly attached 
greyish-red thrombus which measured 2.5 x 1.5 cm. It extended al- 
most entirely across the anterior face of the intima. From the lower 
end of the thrombus a tail of red granular clot extended into the left 
coronary artery almost completely occluding it. This part of the 
thrombus was not attached, and the intima of the coronary vessel was 
unaltered. The heart muscle showed no evidence of infarct. The 
aortic and mitral cusps were thin, smooth and glistening. The right 
coronary orifice and the intima of the sinuses of Valsalva were unal- 
tered. The wall of the aorta was irregular, thick and tough, and the 
change persisted to the level of the diaphragm. There was a fine puck- 
ering of the intima, but the greater extent of this membrane was puffy 
and glassy. The orifices of the vessels of the arch were irregularly 
dilated and surrounded by a thick wrinkled intima. 

Sections of the aorta showed a marked thickening of the adventitia 
and an associated perivascular lymphocytic infiltration. The endothe- 
lial cells in the capillaries were hyperplastic, leading to almost com- 
plete occlusion of two of the vessels. Some large nerve bundles were 
seen in lymphocytic inflammatory zones, but apparently there was no 
infiltration of their substance. Small vessels could be followed from 
the adventitia into the wall of the aorta until they advanced to the 
inner border of the media. Associated with this vascularization there 
was a lymphocytic and plasma cell infiltration. The media was split 
and frayed by the reaction. Areas of cellular connective tissue cut 
through the media along the line of vascularization. Patent vessels 
were still present in these scars. Where the capillary tufts advanced 
to the subintimal tissues, the inflammatory reaction extended through 
to the intimal surface upon which there were pink-stained necrotic 
debris and a large massive thrombus of fibrin, blood, leucocytes, mono- 
nuclear cells and some eosinophiles. At one place in the intima theie 
was a necrotic zone with numerous leucocytes, some lymphocytes and 
nuclear debris. Leucocytes could be traced from this area outward 
into the media where they were found free and in the small capillaries. 
In places the leucocytes formed massive collections. Beneath the 
thrombus fibroblasts were arranged radially to the intima, advancing 
into the base of the adherent thrombus. In review, this case showed 
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the face of the aorta 0.5 cm. above the left anterior leaflet, passing into ^ 

the left coronary orifice, practically occluding it. The thrombus was 
attached. It measured 1.6 x 1 cm. and projected on the surface a dis- 
tance of 0.3 cm. The thrombus extended into the coronary orifice a 
distance of 0.3 cm. The intinia of this vessel was not. puckered or 
wrinkled, and it did not show any areas of atherosclerosis. The iutima 
about the orifice was mucoid, watery and edematous, and lor a dis- 
tance of 2 cm. above the upper level of the leaflets there were tine Inr- 
rows. The orifice of the right coronary was slit-like and not larger 
than a pinhead. About it there was a thick, bluish-white, mucoid nod- 
ule. There was some puckering and wrinkling of the intinia of the leit 
anterior and of the posterior sinuses of Valsalva. The intinia of the 
aorta beyond the zone of 2 cm. above the upper border of the. aortic 
leaflets was pale yellowish-white. Jn the middle of the posterior wall 
of the left ventricle of the heart there was an almond-sized infarct 
which was undergoing coagulation necrosis. Tn the meshes of the in- 
farct, there was a coagulated material like gelatin. This infarct, was 
associated with a change in the finer radicles of the right coronary 
artery. There was also a small red infarct in the anterior surface of 
the upper pole of the right kidney. 

A section through the thrombus showed no maeroscopical evidence 
of atheroma or calcification in tlie wall. The thrombus was situated 
upon a bluish-white, pearly, edematous nodule in the intinia which 
measured 0.2 cm. thick. The entire thickness of the wall through this 
area was 0.5 cm. When the thrombus was included, the thickness was 
increased to 0.75 cm. 

Microscopically a section of the aorta through the clot above the 
left coronary artery showed a pink-stained, clumpy material in which 
there were scattered leucocytes, lymphocytes, swollen endothelial cells 
and fibi oblasts. There were some small irregularly defined spaces in 

uci there were unevenly placed swollen endothelial cells. Red blood 
cells were found in these spaces. The thrombus rested upon a base of 
eucoeytes, lymphocytes and endothelial cells. From this ulcer to the 
level of the internal elastic layer there was a limhmwi • , ’ . 
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numerous small cleft-like spaces were developed. These spaces were 
lined by endothelial cells that had oval and round nuclei. Some of 
them were deeply stained, others were vesicular. Many of the spaces 
were completely filled with these cells. Lymphocytes, some leucocytes, 
and occasional eosinophiles were seen in the tissue. 

Below this zone there was a necrotic tissue which involved the i n- 
tima and the media. Nuclear debris, blue-stained, granular material 
and leucocytes infiltrated this area. Gram-Weigert sections were neg- 
ative for microorganisms. The leucocytic infiltration could be traced 
through to the midportion of the media where irregular areas of this 
layer were necrotic and infiltrated by leucocytes. The necrosis of the 
media stopped at the level of the large vasa vasorum. Numbers of 



Fig. 7.— Low power field of case (H. W.) showing intimal reaction about orifice of 

left coronary artery. 


large cells with irregularly shaped, bilobed granular nuclei were found 
in the region of these vessels. Leucocytes were present in this granu- 
lomatous area. They could he followed from the intima through the 
media to it. In the outer part of the media there was endothelial cell 
proliferation in the vasa vasorum and perivascular spaces with num- 
bers of lymphocytes, some plasma cells but no leucocytes. There was 
no evidence of atherosclerosis. 

At the border of the thrombus the intima was puffy and meshy in 
character. It had the microscopic appearance of what might represent 
the mucoid, bluish-white, intimal thickening noted macroscopically. 

^The surface endothelial cells were swollen and hyperplastic. Beneath 
this layer there was a zone of 10 to 12 cells irregularly arranged in a 
loose reticulated tissue. These cells consisted of swollen, spindle- 



HO MEANS'. 


T.ON- or »..* ,N ' ™ B A, ’" TA nl 

shaped fibroblasts, witl. pale <■ 

and some plasma cells and an oce sells with pale vesie- 
small space was lined by bjpeip ■ ■ . , to tbe inner 

ular nuclei. Tills pvoliterat.o,, of cells c ««'»» ))u , ream 

border of the media U. «.» seem ^ . , o|lu „. places, as the 

tion was independent, of tin • ]n n , viw (Uis showed a Itlim- 

media ill these sections . ■ ,. .„„liino in a luetic intimal nleer- 

mat „„s necrosis of es, ended 

.be vessel. Death resulted 

coronary occlusion. 



In these cases the zones below the thrombi on the intimal surface 
were packed with lymphocytes and leucocytes. Endothelial and fibro- 
blastic hyperplasia was associated with small capillaries in the base of 
tbe thrombi. In the first case at the border of tbe thrombus endothe- 
lial cells were found extending- up over tbe surface of it. These find- 
ings are indicative of advanced healing in tins thrombus, and from Ibis 
there is reason to believe that certain areas of intimal sclerosis may be 
healed thrombi rather than productive sclerosis secondary to deep 
intimal and inner medial change. If such is the case, we must remem- 
ber the idea of Rokitansky 3 concerning intimal sclerosis, and yet the 
findings in these cases are not at variance with the views expressed by 
Virchow . 4 

All of these cases show massive destruction of areas in the aortic 
wall proceeding outward through the wall from areas of ulcerative 
tactic intimitis. Under conditions of ulceration like those observed in 



52 


THE AMERICAN HEART JOURNAL 


these cases it. is not at all improbable that extensive destruction of the 
wall of the aorta and even rupture of an aneurysm may be accounted 
for by the extension of a progressive gummatous inflammation from 
the intima of the vessel through the wall. 

The manner in which the intimal ulceration occurs is problematical. 
In certain areas hyperplastic surface cells show granular cytoplasm 
with poorly stained nuclei and blurred cell outlines. In these places 
the zones between the intimal endothelium and internal elastic lamella 
are crowded with inflammatory cells. This would naturally lead to 
ulceration at the point of least resistance, which is upon the intima. 
When this occurs a raw surface, so to speak, is produced, upon which 
the elements of the blood may gravitate with resultant thrombus for- 



Fig. 9. — Low power field showing thickening of intima with inflammatory infiltration 

(H.g.) Aleiia is free. 

mation. Some years ago I called attention to the intimitis which 
occurs in the vessels of the brain iu meningitis and suggested that such 
a condition may precede thrombus formation. 

Although blood cultures were not made in these cases, the possibility 
of mycotic invasion of the wall through areas of intimal ulceration 
cannot be discounted. Aside from the bacteriological findings the 
cases included in this report are not unlike the case reported b.^ Saphii 
and Cooper. However, the findings in these cases suggest that the 
granulomatous intimal change precedes the advent of the acute inflam- 
matory invasion of the intima. A gummatous necrotic area in the 
intima would form a favorable nidus for the localization of organisms 
circulating in the blood. However, the reactions observed in the aor- 
tic intima of these cases would indicate that gummatous necrosis is of 
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it ,[ Sttfficic „t to bo responsible for the entire ebonites note.! The 
‘"Tftueocytes «o snob nreos .loos no, neeessnvtly nnpiy my- 
cotic invasion. It is only necessary to mention the l-»5 ' ' 

tions seen in the media of the aorta in yonnnatous neeros bm 1. 

and those lencocyt.es found in and about, areas n m'are, < 
ele The leucocytes respond to ehemotaet.e ntlbtenee of tbe muotn 
process even in the very early stages of gummatous necrosis. 1 h.s is 
clearlv shown in the first ease where marginal ion of leucocytes upon 
an area of unbroken luetic intimitis had occurred. Furthermore, leu- 
cocytes could be traced for some distance into the underlying tissues. 
Although the secondary leucocytic read ion in Ibis case was mild, it is 
possible that it represented the prestage of the more severe rend ions 
described in the last three eases. 

Although it is impossible definitely to indicate the final results in 
these eases, it would appear that there is some evidence to support the 
contention that nodular thickenings of ihe intima noted in syphilitic 
aortitis ai’e not entirely due to secondary reactive fibrosis subsequent 
to medial damage. When the process is not too severe, rapid and ex- 
tensive, tbe intima may recover and heal. We have semi that the in- 
flammatory process in the intima is accompanied by progressive as 
well as by secondary acute, degenerative changes. 

Fibroblasts and endothelial cells were found proliferating in file 
intima associated with small capillaries, lymphocytes and leucocytes. 
Under ordinary circumstances in the end. even when ulceration occurs, 
the fibroblastic proliferation would bring about tbe repair of the in- 
jured layer, leaving the intima thickened, puckered and hyaline in ap- 
pearance. I have noted intimal puckering microscopically in zones of 
luetic intimitis where tbe underlying media was entirely free from 
inflammation or scarring. When ulceration occurs, thrombus forma- 
tion is stimulated. Organization of such thrombi increases the prob- 
ability of intimal hyalinization. However, with the advent of ulcera- 
tion, thrombus formation and possibly mycotic invasion of the area, 
extensive destruction of the wall may follow. 1 have seen crvpt-like 
ulceration in the wall of the aorta with destruction of the intima and 

media and red blood cells infiltrating the last few strands of the 
adventitia. 

Virchow demonstrated that the intima, like other non vascular strue- 
tmes, may be the seat of inflammation, and that a proliferation of its 

vn cel s leads to the nodular masses on the surface. In svphilis we 
cie dealing with an inflammatory process of long duration and the 

t e 111 p<ut > at W, It would be difficult 
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to account lor the changes noted in the nodular thickenings about the 
coionaiv arteries in two oi: these eases. Furthermore, when one con- 
siders the endarteritic process observed in the vasa vasorum of syphi- 
litic aortitis, it is difficult to understand why this same granulomatous 
process cannot involve the intima of the aorta with the end-result in 
both instances the same, hyalinization of the injured tissue. 

Mesaortitis has been considered in the past the important lesion of 
syphilis of the aorta. First, because it was so obvious microscopically, 
and second, aneurysm, a very important end-result of aortitis, was sup- 
posed to occur after destruction of the media. This idea held despite 
the fact that aortic regurgitation associated with a syphilitic aortitis 
represents the most serious end-result of syphilis on the cardiovascular 
system. This lesion can only be produced by involvement of the aortic 
intima. The media does not come into this picture at all. Furthermore, 
the closure of the coronary orifices, also a lesion of great importance, 
is purely an intima! manifestation of lues. Therefore, as Warthin has 
suggested, the term syphilitic aortitis is much to be preferred to syphi- 
litic mesaortitis, both from clinical and pathological grounds. Our 
purpose is to indicate four cases in which there was luetic intimitis 
associated with the changes commonly recognized in the adventitia 
and media. 

In the eases under discussion, as indicated by the photomicrographs, 
it is obvious that there is a syphilitic inflammatory intimal lesion. 
Intimal lesions due to syphilis are well recognized in small vessels un- 
der the term endarteritis proliferans. Further, they are known to 
occur in the intima of the pulmonary artery and Winternitz 6 has stated 
that in congenital lues there is marked involvement of the intima with 
spirochetes predominating in this layer. By analogy there is abundant 
proof that luetic intimal disease is not a peculiar condition and occurs 
far more frequently than is generally believed. The intima of vessels 
is prone to show acute inflammatory reactions in other infections. 
Some years ago I demonstrated the acute intimal lesions noted in the 
cerebral vessels in acute meningitis due to a variety of microorganisms 
and also showed that these small arteries were invaded simultaneously 
by inflammatory cells from the intima and adventitia. 

If these facts are true, what proof is there to show that an acute 
luetic lesion of the aortic intima does not occur? From the reactions 
observed in the cases under discussion, there is ample ground to believe 
that intimal luetic aortitis does occur and further that the aorta is 
simultaneously invaded from the intima and adventitia. The media is 
secondarily involved from both of these coats and suffers in extent 
depending upon the severity of the process in the intima on the one 
hand and the adventitia on the other. 
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CONCLUSIONS 

It is our belief that- in syphilitic aortitis the intiinn is involved pri- 
marily by direct infection from tlic blood stream. It may also be in- 
volved from the adventitia through the vasa vasormn. Histologically, 
the lesions arc the same. 

Undoubtedly, the most serious lesions produced by syphilis on the 
aorta and heart arc the syphilitic aortic endocarditis with regurgita- 
tion and occlusion of the coronary orifices. This is intinuil disease. 
Therefore, it would appear that luetic intimal disease of tin* aorta is 
more important clinically than is medial disease. 


IlEKEHEXCES 

1. Peek, Samuel M. : Pathologic. Anatomy of Syphilis of the Pulmonary Arterv, 

Arch. Path., 4: 3G">, 1027. 

2. Snphir, Otto, and Cooper, George \V.: Acute Suppurative Aortitis Superimposed 

on Syphilitic Aortitis, Arch. Path., 4: fi-13, 1027. 

3. Rokitansky : Hnndhuch (ler speeiollen path. Anaf., 184-1, p. ,72-t. Cited l*y author 

in paper on Occurrence of Arteritis in Meningitis. 

4. McMenns, J. V. : Occurrence of Arteritis in Meningitis, Am. J. M. Sc. 151; 2-1 P 

101G. 

a. Winternitz, M. C.: The Pathology of Syphilitic Aortitis With a Contribution to 
the Formation of Aneurysms, Johns Hopkins llosp. Bull 24: »p> pipt 
G. Virchow: Virchow’s Arch., 77: ,W0 f 1ST it. Cited l.y author in“ paper on Oc- 
currence of Arteritis in Meningitis. 1 



OBSERVATIONS ON 107 CASES OF SYPHILITIC AORTIC 
INSUFFICIENCY, WITH SPECIAL REFERENCE TO THE 
AORTIC VALVE AREA, THE MYOCARDIUM, 

AND BRANCHES OF THE AORTA 

0. Saphir, M.D., and R. W. Scott, M.D. 

Cleveland, Ohio* 

HP HIS paper presents in summary form the salient pathological fea- 
tures observed in 107 eases of syphilitic aortitis with involvement 
of the aortic valve area. A more detailed report of this work will be 
published shortly. 

Gross Changes in ihc, Aorta. — Characteristic gvoss syphilitic lesions 
were found at the aortic root, including the first 4 cm. of the vessel in 
all cases. These changes extended upward as far as the arch of the 
aorta in all but two instances. Gross syphilitic lesions in the descend- 
ing aorta occurred in 20 cases. In 91 instances the descending aorta 
showed changes due to arteriosclerosis. In 26 cases a definite dilatation 
of the aortic ling was noted. Aneurysmal dilatation of the aorta was 
found in 16 instances, 3 in the first segment involving the sinus of 
Valsalva, 7 in the ascending arch, and 3 in the descending aorta. In 
two cases both the first segment and the ascending arch were involved, 
and in one both the ascending and descending aorta. 

Histological Changes in the Aorta. — In addition to the well-known 
medial changes of syphilitic aortitis, we were impressed, particularly 
in early cases showing minimal gross lesions, by the frequency of in- 
volvement of the vasa vasorum in the adventitia. The vessel wall was 
thickened with more or less obliteration of the lumen. In early cases 
showing a lesion of the adventitial vessels, changes in the media were 
minimal and often difficult to demonstrate. This obliterative arteritis 
of the vasa vasorum of the adventitia with perivascular infiltration 
of lymphocytes was the most characteristic finding in both early and 
late cases. 

Changes in the Aortic Valve. — All cases showed some grade of deform- 
ity in the architecture of the valve cusps. The commonest finding was 
a widening of the commissure. In 82 instances the commissures were 
the seat of hyaline plaques. The central portion of the free margins of 
the cusps was thickened in 82 cases, everted or rolled in 20, and re- 
tracted in 8. 

Histological Changes. — Characteristic syphilitic lesions were found in 
all cases in sections from the region of the commissures and adjacent 

‘From the Departments of Pathology and Medicine of the Cleveland City Hospital 
and "Western Reserve Medical School, Cleveland. 
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o ,1 „ 1sns Tlie new formation of smaller sized \essels ex 
tendecl from the aortic intima. through the commissures to the lafeva 
portions of the cusps in early cases. In older lesions the c egeneia 1 
chaim-es were less pronounced and those of chrome inflammation mme 
evident The central portions of the. valve leaflet showed fibrosis and 
hyalinization, very few cellular elements and no blood vessels 
‘ Coronary Arteries.- Thirty-seven cases, or 33 per cent, in this senes 
showed some constriction of the months of the coronary arteries. Jn » 
the right coronary was narrowed; in 7 the left, and m 17 the mouths o^ 
both vessels were involved. Four cases showed complete obliteration of 
the left coronary, and one complete obliteration of the right. In four 
instances the coronary openings were definitely displaced. The histo- 
logical changes at the coronary openings were similar to those ob- 
served in the aorta. The main stem and branches of the tuo coi outl- 
ines were often the seat of simple arteriosclerosis, but in no instance 
were syphilitic lesions demonstrated in the coronary arteries themselves. 

Other Large Arteries. — The innominate, carotid, superior and inferior 
mesenteric, iliac and femoral arteries were studied in 65 cases. Vary- 
ing grades of aideriosclerotic changes were seen but no clean-cut- gross 
lesions of syphilis were noted. Histologically, however, typical micro- 
scopic lesions of syphilis were observed as follows: Innominate artery 
in 38, carotid in 27, superior mesenteric in 12, inferior mesenteric in 3, 
common iliac in 11, and femoral artery in 7. In 44 cases the sub- 
clavian artery showed syphilitic changes microscopically in 19 instances. 

Myocardium, — In 94 cases the heart weighed move than 400 grams. 
The heaviest heart in our series weighed 1050 grams. The average 
heart weight for the whole group of 107 eases was 600 grams. Fre- 
quently the cut section of the myocardium showed nothing unusual. 
In other hearts showing coronary arteriosclerosis the myocardium was 
the seat of fibrosis. In no instance did we find either gross or histo- 
logical evidence to warrant the diagnosis of syphilitic involvement of 
the myocardium. The changes as noted differed in no wav from those 
occurring in hearts hypertrophic from other causes, or in hearts the 
seat of coronary arteriosclerosis. Many sections wore examinee ac- 
cording to the ■Wartlun-Starry method and also the Levaditi method 
but m no instance was the spirocheta pallida found. 

' CONCLUSIONS 

a l TIlepnma ?;. and earliest lesiou hl syphilis of the aorta and larger 

verti r 18 ^ teratlVe entlarteritis of the vasa vasonun of the ad 
\ t tia ’ Y-ith perivascular infiltration of lymphocytes T6 a ™ r ^ 
e. =M ear to he sec„nda, y and 

2. The frequency with which syphilis nHnnW n , , , 

* dUe t0 the ™ h su PP‘y vasa vasorum in this region 
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3. Syphilis spreads from the aorta to the aortic valves by way of 
small vessels at the commissure. The degenerative changes and later 
chronic inflammatory changes lead to fusion of the lateral margins of 
the leaflets with the adjacent aortic intima, producing a widening of 
the commissure; the most constant and characteristic gross lesion of 
syphilis of the leaflets. In no ease have we seen a gross distortion of 
the aortic leaflet without involvement of the commissure. 

4. Syphilis at the root of the aorta frequently involves the coronary 
openings, one out of three cases in this series showed varying degrees 
of occlusion, but no evidence of syphilis was found in the coronary 
vessels beyond the mouths. 

5. Syphilitic involvement of large arteries — carotid, subclavian, in- 
nominate, mesenteries, iliac, and femoral arteries, is often found asso- 
ciated with syphilitic aortitis. 

6. Invasion of the myocardium by syphilis is rare. The myocardial 
changes observed in this series of eases differed in no way from those 
seen in coronary arteriosclerosis and in hypertrophied hearts from 
other causes. 



THE ROENTGENOLOGICAL DIAGNOSIS 01' S\ I MIDI l 
AORTITIS — A REVIEW OP FORTY PROVED CASES 

David Steel, M.D. 

Cleveland, Ohio 

npIlE data for this paper are taken from a study ot imt> uiso of 
1 luetic aortitis observed roentgenologieally and proved by nutops>. 
No ease ot aneurysm is Mmled. The roenlyeu method v.me.1 some- 
-\vhat. but included in every case a fluoroscopic examination and tele- 
roentgenograms taken for the most part in the postero-antenor posi- 
tion and in many cases also in both oblique positions. 

It is needless to point out that the course of the aorta should be 
thoroughly understood in the various positions. The diagrams (Figs. 
1. 2, 3) bring out the. so-eallcd normal silhouette in tlu> average ease, 
but there are in addition normal factors which play an important par! 
in this configuration. These are concerned mainly with increased and 
s decreased spacial relations of the thoracic cage. Vi ith a high position 
of the diaphragm (expiration, ascites, abdominal tumors, ole.) the 
cage is small and the aorta is spread, appearing more prominent to 
the right and left and increasing slightly in height. With low position 
of the diaphragm the vascular shadow is narrow, and bulging to the 
right or left is minimal. With foreshortening of the thoracic cage, as 
in caries of the spine, spreading again takes place. With advancing 
age the aorta elongates and in accommodating itself to spacial rela- 
tions becomes spiral with an increase in its height. 

In addition, the silhouette is not always sharply defined, anatomical 
relations are many times obscure, and the superior vena cava might 
add to, and the brilliant, trachea subtract from, the apparent silhou- 
ette, especially in the first oblicpie view. Even with special care it is 
difficult to obtain plates in an exact postero-antorior view. Those fac- 
tors, combined with the spacial relations of the thorax, must, all he 
evaluated as closely as possible. We therefore often have several fac- 
tors present, the value of which is almost impossible to estimate and 
hence various proposed measurements have a decided limitation and 
can often lead to error. Nevertheless, if those limitations are recog- 
nized, measurements have a clinical value. Of the various methods, 
perhaps the simplest and most ingenious is that proposed liv Kreuz- 
uc is; namely, measurement of the aortic width after barium visual- 
ization of the aortic bed of the esophagus. This method has been ac- 
at autopsy m the few cases I have proved. Unfortunately the 
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method measures the aorta near the isthmus rather than near the root 
where syphilis is more common and more important physiologically. 
Just as proficiency grows with experience in other fields of medicine, 



Fig'. 1.-— Diagram of the normal heart in the anteroposterior position. S.Y.C., 
Superior vena cava; I.Y., innominate vein; A.a., ascending aorta; P.A., pulmonary 
artery ; A.ap.. left auricular appendage; R.Y., right ventricle; R.A., right atrium: 
L.V., left ventricle. 




Fig. 2. — Diagram of the normal heart in the first oblique position. I.Y.C., Inferio 
vena cava ; L.A., left atrium ; Tr., trachea ; A.a., ascending aorta ; Tr. P.A., yro^s- 
section of the pulmonary- artery; P.A., pulmonary- artery; R.Y., right ventricle; Ju.y., 
left ventricle ; 31, manubrium ; S, sternum ; 3, head of humerus. 

Fig. 3. — Diagram of the normal heart in an exaggerated second oblique 
R.A., Right atrium; S.Y.C., superior veno cava; I.Y., innominate vein; A.a., ascena- 
ing aorta : P.A. , pulmonary artery ; Ij.Y left ventricle ; Tr., trachea ; 3, hu me - , 
R.Y., right ventricle. 


so does ability to judge aortic width fluoroseopically increase after 
many examinations in the normal and pathological. For this reason 
it seems logical to depend upon experience and general impression 
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after fluoroscopy rather than on a number of fibres subject to many 

afapw* of the patholoiricat aorta is one <-r im- 
portant problems awaiting a possible roentgenological sol turn. Vt 
have to differentiate, therefore, between the dilatatn.n ol 
sis, advancing age, hypertension, aortic tnsnfltclcncy and sUnosn, «1 
the isthmus. I lmve had uo experience with isthmus stenosis. A 
view of these syphilitic cases gives Ihe definite impression Unit tlmse 
lesions cannot, always he safely differentiated roentgenologicn ly \ 
a diagnosis can he safely made when the lesion is well maimed, and 
this margin of safety increases notably when the clinical facts are 
used. Therefore, the roentgen diagnosis should always he accepted 
by the clinician with this condition—" provided the history and physi- 
cal findings agree or at least do not oppose.” 

Of the forty cases there are three considered as early. These will 
be discussed as a separate group. The remaining eases showed changes 
which we all associate with a pathological aorta, namely: 

1. A dense shadow often with hazy borders. 

2. A high, dense and prominent, aortic 3c nob. 

3. Irregular and also general dilatation. 

4. Increased pulsation. 

5. Association with aortic insufficiency. 

In many of the eases the shadow was unusually dense, supporting 
previous reports that the luetic aorta produces a denser shadow than 
other lesions. This density is due for the most part to the increased 
diameter of the blood column incident to dilatation, and probably also 
in part to the changes in the wall. The changes in the height, of the 
knob are most likely secondary to the changed spaeial relations due 
to aortic elongation and dilatation. The most important sign is irreg- 
ular dilatation. This presents itself as one or more localized spindle- 
shaped areas, not aneurysmal in dimension and involving most, com- 
monly the root. In the postero-anterior view, such a change appears 
as a dense shadow of the upper right cardiac arch (Fig. 4). Its bor- 
der if extended would not conform to remaining portions of the sil- 
louette. In the first oblique the anterior and posterior borders of the 
ascending aorta do not run parallel as normally, but, because of the 
greater dilatation of tbe root, tbey converge toward kToXtob 

ilT VI ? f Sl h0Uette LS tnangnlar with the base down. Tf the local- 
zed dilatation is near the knob, then the walls convene toward the 

mait and the silhouette becomes club-shaped. In the second oblione 
view, because the course of the aort-i * , , , oblique 

path of the rays, making the entire silhouette *■ mV* ' to tbe 

pathological case local dd^nt ttG v,s,ble specially in the 

Tbeae focal ’ *? 7* "* < P ig. 6). 

Plained by tbe diction „ f tlle ^ 
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aortitis. With the dilatation there is a localized increase in pulsation 
which should always be looked for and used as an index to dilatation. 

In the later stages dilatation may become diffuse (Fig. 6). This 
can become extreme, and since marked dilatation is seldom seen in 



Pig'. 5. — Localized dilatation of the ascending portion. 

•when continued ( ) does not conform to the remaining 

rows). 


The arc of this portion 
portions of the arch (ar- 


other lesions, it has considerable diagnostic importance. The pulsa- 
tions are decreased in amplitude, probably due to cicatricial changes. 
Increasing dilatation on repeated observation tends to rule ottt athero- 
sclerosis in favor of syphilitic aortitis. 
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To summarize the la^mto^rtaobra^eM 

liae^ouette consistent witi, aortic insuffi- 


5,26 


Fig. (i.— Diffuse dilatation of the aorta with aortic insufficiency. 

Fig. 7.— Early case. Aortic insufficiency. Autopsy seven clays after this examina 


vtrv 






Fig. S. 




Fig. 9. 


next*°flgure 

Pension r T ' le Same CaSC showin & (iifCu ^ dilatation of the aorta and cardiac decom- 

hulo‘oV" en rf- 1Zed diIatation -' linless excessive, and increase in ampli 
P1 011 are not 111 th emselres pathognomonic signs for the 
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roentgenological diagnosis of syphilis. A marked degree of general- 
ized dilatation is more common in syphilis and can be taken as pre- 
sumptive evidence, especially if the heart shadow is small or if it 
occurs in a person under forty. When the various segments are vari- 
ably dilated the diagnosis is almost certain. I say “almost” because 
Vaguez and Bordet report local dilatation of the aortic root in Hodg- 
kin’s disease. Rheumatic dilatation lias been reported also. The 
roentgen findings should always be correlated with the clinical and 
laboratory findings. However, too great, reliance must not be placed 
ou the Wassermann test, because in this series of thirty-six cases so 
examined, fourteen, or about 39 per cent, were negative and four, or 
11 per cent, were reported as anticomplementary. 

The three cases referred to above represent the earliest lesions of 
the series and are characterized by minimal or questionable roent- 
genological changes in spite of the fact that at autopsy the lesion 
was well marked. Each ease shows an increase in the height of the 
knob and an increased density, changes which per se are found in the 
other common lesions. When these are present alone, which is true 
of two of these three, the diagnosis of syphilis is not possible. How- 
ever, in each case, the right upper cardiac arch has a hazy outline and 
shows an indefinite or questionable bulge to the right. Hr one case 
there was present in the second oblique position a slight localized 
dilatation with increased pulsation in the ascending aorta (Fig. 7). 
The significance of the hazy outline and the very questionable bulging 
of the right upper arch in the postero-anterior view is questionable, 
but seeing such a change should call for very careful fluoroscopic ob- 
servation in the second oblique view for localized dilatation and pulsa- 
tion. When these findings are demonstrable, the diagnosis rests upon 
a firm foundation. Fig - . 4 represents a well-marked localized dilata,- 
tion of the ascending aorta in the postero-anterior view, and Fig. 5 
represents similar changes in the second oblique position. If the arc 
of the dilated portion is schematically continued, it. will be noticed 
that it does not conform to the remaining outline of the arch. We 
must conclude, therefore, that early syphilitic aortitis is not always 
demonstrable roentgenologically and that its earliest sign is localized 
dilatation associated with a localized increase in the amplitude of the 
pulsations (Figs. 8 and 9). 


SUMMARY 

There are cases of syphilitic aortitis which present definite roent- 
genological changes and which are indistinguishable from the other 
common lesions of the aorta. The lesions can be suspected when (1) a 
diffuse dilatation is present and is associated with a normal sized heart 
silhouette, (2) a dense, high a orta is present in a young individual 
without a previous hypertension. It can be safely diagnosed when 
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localized dilatation associated with localized mci cased pnla.it o 
demonstrable. 
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DISCUSSION 

Dr. Lee, Washington, D. C. — Dr. Steel referred to the size of the heart. Does 
he use the measurements of Bordet and Vaquez, and in what phase of respiration 
does lie take the pictures'? 

Dr. Lewis A. Conner-, New York, N. Y. — I do not feel that I can let this oppor- 
tunity pass without adding a warning concerning the roentgenological diagnosis of 
syphilitic aortic disease. I think Dr. Steel has been very conservative in his state- 
ments. It seems to me, however, that it would be a pity for us to go away with 
the idea that this is a safe method of establishing a diagnosis. I have frequently 
seen the grossest sort of mistakes made because of too great reliance upon the 
roentgenographie and fluoroscopic appearances of the aorta. I do not think one is 
often justified in making that diagnosis on the basis of the roentgenological findings 
a one, and I am sure Dr. Steel does not think so. This is no criticism of Ids 

carlrTf ies em § f>T f ^ **** bt ' g ' mS ^ ° arlj ’ nucl is W>ent in the 
fifties even without any outstanding hypertension, and doubtless there are 

also variations m the curves of the right and left side of the heart, but most of us 

I still ’ beHevo Tlf' ^ ^ ^ ™ in, P ortant *«<*««» in the diagnosis 
in the absence * of ^aneurysm ° f S ^ iUtic «<”•««*, 

be established before ^ * ** ***** 

vc^'L T] 0 r d in COmiCeti0U With Dr - Conner’s 
can from every source, and tlien t! 38 ^ fi,ldi "S ° ut all that we 

attempting to make a definite ^ m who is 

animation, is doing a very rash thing I think tr“ ° „°’’i SinglC method of cx " 

bUt 1 WW,d 5ikc t0 W than Di Conner tdjhmiur 3 ° lle ’ 

’ and tlmt 15 that we clinicians should 
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consult with our consultants, whether laboratory men or roentgenologists, and get 
information from every source. We cannot make a diagnosis on only one finding. 

Dr. TV. TV. Hamburger, Chicago, 111. — Does filling the esophagus with a heavy 
barium mixture add materially to the x-ray diagnosis of syphilitic aortitis? 

Dr. Sicd (closing) .—I think the essence of the paper has been well understood. 
Conservatism is the keynote and hence the diagnosis of syphilitic aortitis by the 
roentgenologist alone should always be accepted by the clinician with the proviso 
“provided the history and clinical findings agree or at least do not oppose.” Plates 
are taken in mid-inspiration. 



FLUOROSCOPIC STUDIES OF THE HEART AND AORTA IN 

acquired and congenital syphilis 

Chester M. Kurtz, M .D, and L A. E. Eyster, M.D. 

Madison, W is. 

nplIE present study was undertaken for the purpose of determining, 
1 by means of physical and fluoroscopic examination, the piesence 
and decree of cardiovascular involvement m the various types and 
stages of syphilitic disease. It is rather generally believed and taught 
that there are several strains of spirochetes each one of which is 
more or less selective, and that the system attacked, whether it be 
cardiovascular, central nervous or skeletal, depends upon the type of 
invading- organism. With this in mind, special attention was given to 
a group of patients suffering primarily from syphilis of the central 
nervous system, and the cardiovascular findings of this group will be 
treated separately. 


fluoroscopic appearance op the aorta 


In the normal individual below tbe age of fifty years, the ascending 
aorta can be visualized in all views and, in the frontal plane, can be seen 
lying directly behind and projecting somewhat to the left of the 
sternum, extending from the level of the first rib to about the third 
rib. Tbe right border of tbe shadow east by the great vessels is ordi- 
narily composed of the venae cavae and shows no definite pulsation. 
The descending aorta normally cannot be visualized. As tbe age of 
fifty years is approached, however, certain changes begin to take place. 
Tbe aorta loses some of its elasticity, becomes slightly elongated, and 
increases in density. As a result, the fluoroscope reveals some sagging 
of tbe ascending aorta to the right with pulsation visible to tbe right 
of the sternum, and thei'e is a sufficient increase in density to enable 
the observer to visualize tbe descending aorta in the lateral and ob- 


lique views, and in many cases in the frontal view as well. Above 
the age of fifty years these changes increase progressively, and the 
degree of tortuosity and density depends upon the extent of the de 
generative changes which arc taking place. 

If these changes can be demonstrated in a person below the age oi 
ifty years, say m the thirties or early forties, it can be assumed ii 
■ ve great majority of cases, at least, that an infectious process of sonn 
kind has attacked the aorta producing a certain degree of aortitis 
In patients more than fifty years old, one has to use a certain amonu 

of judgment m deciding whether the changes are in excess of win 
might be expected at that age. ha 
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In cases Avhere tlie aortitis lias progressed to such an extent that 
aneurysm formation has occurred, a localized area of sacculation can 
be visualized under the fluoroscope and the diagnosis definitely con- 
firmed. 

In the present study the diagnosis of the presence of aortitis, and 
the degree (slight, moderate, or marked) were based upon the points 
above mentioned : the shape of the ascending aoi'ta, the presence of 
pulsation to the right of the sternum, and the density of the descend- 
ing aorta. A diagnosis of aneurysm was made whenever a localized 
area of sacculation could be visualized in any portion of the aorta. 

CASES STUDIED IN THE PRESENT SERIES 

The series is composed of 54 eases of acquired syphilis and 12 eases 
of congenital syphilis seen at the Wisconsin General Hospital, includ- 
ing both ward patients and outpatients. Of the 54 cases of acquired 
syphilis, 40 were males and 14 females. The ages ranged from eighteen 
to seventy-four years with an average of forty-seven years. Four of 
the females and 11 of the males denied all knowledge of any syphilitic 
infection, making it impossible to determine the duration of the dis- 
ease in 27.8 per cent of the cases. In the remaining cases, the duration 
of the infection ranged from four months to forty-nine years, with an 
average of twenty years. The large majority were charity patients 
who came chiefly from the lower strata of society. In only 2 of the 
whole group could the previous antiluetie therapy have been consid- 
ered as adequate, and in the remaining 52 cases treatment had been 
decidedly inadequate or lacking altogether. 

The congenital group consisted of 4 males and 8 females, ranging 
from nine to thirty-three years of age, with an average age of nineteen 
years. Seven of these cases had received no antiluetie therapy what- 
ever at the time of admission to the hospital, and the other five had 
been adequately treated only for the past three or four years. 

All the cases included in this series were known to have syphilis, 
either from history, finding of definite syphilitic lesions, a positive 
Wassermann reaction or some combination of these. Any doubtful 
cases, or cases complicated by rheumatic heart disease, were excluded. 

A complete study was made of each patient, including history, 
physical examination, orthodiagram, and electrocardiogram. The 
blood Wassermann reaction was determined in every case, and the 
spinal fluid was examined in about tum-tliirds of the cases. The heart 
size was determined by the orthodiascopic method, the frontal area 
and transverse diameter being measured and compared with the pre- 
dicted normal as calculated on the basis of the age, height and weight 
of the individual. The deviation from the predicted normal was ex- 
pressed in percentage, and the normal range was considered to lie 
within the limits of plus and minus 10 per cent. 
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RESULTS 


Table I gives a summary of the finding* in the group with acquired 

lienee 0 / Aortitis - Of the 40 males in fte aeqtvirecl syphilitie 
•n-ouo only 2 showed no evidence of aortitis. One of these l ad been 
infected two years and the other fifteen years previously, ise.tl.ei had 
received adequate treatment. An aortitis of slight degree was lo ™ 
in 11 (27.4 per cent), moderate in 13 (32.5 per cent), and marked in 
14 (35.1 per cent) . Of the 14 females, 3 showed no evidence of aortitis 
Two of these were still in the secondary stage having- been infected 
less than three months, and the third gave no history of a primary 
lesion, thus rendering- it impossible to determine the duration. Of the 
remaining 11, an aortitis of slight degree was found in 2, moderate in 
7, and marked in 2. Aortitis of some degree was found in 95 per cent 
of the males, 78.6 per cent of the females, or 90.7 per cent of the total. 
Nineteen of the males were fifty years old or over, and of these the 
aortitis was considered to be consistent with the age of the patient in 
6 cases, and more marked than would be expected in 13. Five of the 
females were fifty years old or over, and of these 2 showed an aoi v titis 
consistent with the age, while 3 showed a more marked process. 

The period required for the development of a demonstrable degree of 
aortitis appears to he very variable. In one man of twenty-one years, 
who had received his initial lesion two years previously and who had 
been treated over a period of nine months, no aortitis was found. An- 
other man, twenty-six years of age, who had been infected two and one- 
half years before and who bad received treatment for eighteen months 
following the primary lesion, showed evidence of an early aortitis. 
A third man, fifty-one years old, who had contracted the disease fifteen 
years before, and who had received very inadequate treatment had no 
signs of aortitis. 1 ■; 

Of the four males in the congenital group (Table II), only one 
showed no evidence of aortitis, while the other 3 exhibited early signs 
and were classified as slight. Of the eight females with congenital 
syphilis, 6 had no signs of aortitis, while the remaining two were 
classified as having a moderate degree. These two were aged twenty- 
two and tlnrty-three years respectively, and with one exception were 
the oldest of the group. The oldest of those not showing signs of 
aortitis was twenty-four. Fifty-eight and four-tenths per cent of all 

ie congenital cases showed no signs of aortitis, leaving 41.6 per cent 
with evidence of a slight or moderate degree. A marked d 111 l 
aortitis was not found in any of this group. ° ° 

in 7 of aiding T* 



Fluoroscopic Findinos in Fifty-Pour Cases op Acquired Syphilis 


70 


THE AMERICAN HEART JOURNAL 




^cj 

28.0 

c: 

cc 

CO 




a 

£0 0 

O 


s 

6 r- 

z ^ 


Cl 




s 

i° ® 

O 

s; 

z 


0 

L- 

d 

CO 

03 

u. 



JC 

Ec 

< 

0 0 

C^o LO 

to t- 

•3 

CO 

< 

O 

z 

C CO 

z — 

to 

CO 

Cl 



< 

s 

gci 0 

00 




t - *- 

10 

CO 

to 

00 
1— f 




1-2 

►0 

% 

( 50.0 

2n.o 

CO 


K 


LO 

0 




z 

. 




Z 




cc 



gd c, 






1.0 

cc* 

Y~~* 


3 





zn 

> 


10 

<— i 

Cl 


| 

cc 


C^o 0 

0 

s! 






£ 

>* 










d 















Z 

** 


c t- 
z 

* * 

0 


< 

Z 

Z 

< 


go 0 

0 













5 

T“ 1 

£i§ 

r—i 

c: 

01 


Z 

S 


ft 

c£ = 0 

0 









-J 




«<5 

6 

Z t-r 

C 3 

1— 1 


&« 

0 

a: 

2 

< 

go 0 

0 

Vu 

c 


LO 

O 

0 


a: 





ZJ 

z 

< 


IO 


1 — » 
J-H 

d 

5 

< 

§ 

#0 1 

cd 

—1 

O 




d 

§ 




1 2 


d co 

Z *-* 

t- 

0 

03 

< 

£-i 

£ 

0 

ft 

0 

*5 

go Cl 

03 



■-A. 


T“ 


z 

z 




“ O 
— <; 
ZJ 

r 

#cj 

Cl 


0*3 


x 

> 

J^ 

_ O 

^td 0 

O 

id 

03 

D 

X 





z 

0 

s 

t> 

O 


w «— 1 

Z r-i 

03 

CO 


z 

0 

0 

z 


CO 



^=5 

JN, 1 ^ 

-t 

CO 


r—1 

O 

C G 

O 

«v> 


g « 0 


z 

0 


03 



5 

0 


0 0 

£§ g 

~4-l 

00 

LO 


z 

gd 


to 


u 

Z 

O ’ 

5* 

z 







O 


0 



c s 

> 

< 

oi 

03 

O 

03 

t— ; 

0 

0 

Cl 


£ 



i - 0 

L- 

z £ 









5 ^ 

a: 










< s 
^ 5 

0 

Cl 

03 

03 

c: 



Z/l 

> 

< 

CO 0 

r-i Cl 

O 


> 

Ez 

O 

— 1-' 

t'- 



5 •< 

< ? 

z 

0 co 

CO CO 

CO 

CO 

eg 








< 

Ci Cl 

3 . 

5 < 
< * 

02 

Ul 

O 

t> 

. 








03 

cc 

J— i 

cc 

r-i 







no. or 

CASKS 

02 

O 

23 *S 5 

i ' £ 


to 



NO. OF 
CASKS 

»* 

02 

O 

X"^w- 

CJ ^ CO cc 

" 0 0 

0 ^ 4 ^ 

03 



fluoroscopic studies op iiuart IN SVP1IIMS 


71 

. c*m-rTTvnr.c i >>*' ti^uvi * 

KURTZ AND BYSTER : 

'SZ'ZT* 

viously and had received almost no treatment, lmd < . * 

' i f fif+v twn years who save a histoij 

nf flip ascending; aorta. A man ot fifty-two >e<us unu r 

of an initial lesion twelve years before, had a large aneurysmal sac ot 
the ascending aorta. In the other eases in which anenrysn iM _fov» ^ 
the duration of the infection ranged from twenty-two to thirty -tao 
years. None of the congenital cases showed any signs of saeculatio • 
Heart Size . — As previously explained, the frontal area and the trans- 
verse diameter of the heart were ortliodia graphically measured in 
each case and compared with the predicted normal. Table I shows the 
variation in the heart size in the various groups. Cardiac enlargement 
(area above +10 per cent) was present in 17 (42.5 per cent.) of the 
males, and in 4 (28.5 per cent) of the females, making a total of 21, 
or 38.9 per cent, of the entire group. Five of the males and an equal 
number of the females had hearts below — 10 per cent in area, making 
a total of 10, or 18.5 per cent. The heart size lay within the normal 
range (- 10 to + 10) in 18 of the males and 5 of the females making a 
total of 23, or 42.6 per cent. In the congenital group, none of the 
hearts were found to be enlarged. Seven (63.6 per cent) were in the 
normal range while 4 (36.4 per cent) were below normal size. 


SYPHILIS OF THE CENTRAL NERVOUS SYSTEM 


Of special interest was a group of 23 patients, 19 males and 4 fe- 
males, who were suffering- primarily from syphilis of the central nerv- 
ous system, and who were on the neurological service with diagnoses 
of general paresis, tabes dorsalis, taboparesis and meningovascular 
syphilis. The findings for this group are summarized in Table III. 
These patients ranged from thirty to sixty -two years of age, with an 
average of forty-five years. The average duration of the infection was 
twenty years, the limits being ten and twenty-six years. None of 
these had been adequately treated previously. Aortitis could be dem- 


onstrated in all of the males and in 3 of the 4 females, making a total 
of 22, or 95.7 per cent. Four males and 1 female showed a definite 
aneurysm of the aorta, making a total of 5, or 21.8 per cent. It is 
unsafe to draw conclusions from such a small number, but it is in- 
erestmg to note that in this particular series the group classed as 
.yphihs primarily of the central nervous system showed a higher inci- 
dence of aortitis and aneurysm than did the entire group composed of 
patients with acquired syphilis of all types. Only 7 (30 2 per cent) 

irittin th! e " la! ' gemmt 1,1 13 P« cent) the heart size was 
witiim the normal ran°-e and 3 n 3 i \ 

Rial size. Sixteen (69°7 pe, een, s„ 0 w TtK T* W °' V "° l " 
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MISCELLANEOUS 

A number of items of interest, such as the incidence of cardiac in- 
volvement, aortic regurgitation, hypertension, and positive Wasser- 
inann reactions for the entire group, which lie outside the scope of this 
paper, will be found recorded in Tables IV, y aiK j yj ? and may be o£ 
some value to those working on other phases of this subject. The 
heart was considered to be involved whenever there was cardiac en- 
largement, physical signs of heart disease, or definite electrocardio- 
graphic changes. A diagnosis of hypertension was made whenever the 
systolic pressure was over 150 or the diastolic over 100 mm. of mercury. 

GROUP OF QUESTION ARLE ETIOLOGY 

During the course of this study seven cases came under observation, 
in which there was a demonstrable degree of aortitis but no history or 
clinical evidence of either syphilitic or rheumatic infection. There 
were 4 males and 3 females, the ages ranging from eighteen to fifty 
years, with an average of thirty-five years. The degree of involve- 
ment was slight in 2, moderate in 4 and marked in 1. All but one had 
cardiac symptoms. Aortic regurgitation was present in 2, and the 
heart showed slight involvement in one case, moderate involvement in 
3, marked involvement in 1, and appeared normal in 2. The patient 
who had no symptoms was a girl of eighteen years, with aortic re- 
gurgitation, a moderate degree of aortitis, fairly marked cardiac en- 
largement and a definitely pathological electrocardiogram. One woman 
of fifty years, with negative past history, had an aortitis definitely 
more marked than would be expected at that age, and the electro- 
cardiogram showed a bundle-branch block. The blood Wassermann 
was repeatedly negative, and there was no other evidence of a syph- 
ilitic infection. Another case, a man of fifty years, until aortic re- 
gurgitation, had a small aneurysm of the ascending aorta, and the 
electrocardiogram showed complete heart-block. As in the rest of 
this group, the Wassermann reaction was negative, and no other evi- 
dence of syphilis could be found. No explanation for these cases is 
offered, but the question is brought up as to whether there may not 
be some other etiological factor in the production of changes in the 
aorta in addition to those with which we are familiar at the present 
time. 

NECROPSIES 

Three of the patients in the acquired syphilitic group died in the 
hospital and came to autopsy. The first case, a man of fifty years who 
gave a history of an initial lesion twenty-five years before, was on the 
neurological service with a diagnosis of tabes dorsalis. Cardiac symp- 
toms were marked. On fluoroscopic examination the aorta was found 



KURTZ AND EYSTER : 


FLUOROSCOPIC STUDIES OF HEART IN SYPHILIS 


To 


to be greatly dilated and a large aneurysm of the transverse arch 
could be visualized. The patient later died of heart i allure and la. 
post-mortem examination two aneurysms were found, one of the ti ad- 
verse arch and a very large one in the descending aorta situated di- 
rectly behind the heart in such a manner that on fluoroscopic examina- 
tion the shadow of the aneurysm had fused with that of the heart to 
such an extent that it was impossible to distinguish them. 


The second case was that of a. man of fifty-three years who gave no 
history of a syphilitic infection and had never known he had the 
disease. The blood Wassermann was positive, and on fluoroscopic 
examination a marked degree of aortitis was noted, as noil as a huge 
aneurysm of the transverse arch. This patient later died of congestive 
failure, and post-mortem examination revealed a marked syphilitic 
aortitis with a large aneurysm involving the transverse arch and the 
first portion of the descending aorta. 

The third case was that of a man of seventy-four years who gave a 
definite history of syphilitic infection forty-nine years before. He had 
received very little antiluetic therapy. He complained chiefly of 
dyspnea and a chronic cough. The blood Wassermann was positive. 
On fluoroscopic examination a marked degree of aortitis was found, 
but no aneurysm formation. A diagnosis of syphilitic aortitis was 
made. The patient later died, and at necropsy the aorta showed no 
evidence of a syphilitic process but a moderate degree of arterio- 
sclerotic change. The cause of death was found to be primary car- 
cinoma of the lung. This ease was instructive in that it demonstrated 


the possibility of the aorta escaping involvement in the presence of a 
philitic infection with positive "Wassermann over a period of nearly 
fifty years. 


SUMMARY AND CONCLUSIONS 


1. A series of 54 cases of acquired and 12 cases of congenital syph- 
ilis are presented with special reference to the fluoroscopic findings in 
the heart and aorta. 


2. Fluoroscopic evidence of aortitis was found in 90.7 per cent of 

the cases of acquired syphilis and in 36.4 per cent of the cases of eon- 
genital syphilis. 

3. Aneurysm of the aorta was found in 18.5 per cent of the cases of 
acquired syphilis and was absent in all of the congenital cases 

seqnircT» r8 ' eme>lt ™ P” “ 3M >’ CT eases of 
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DISCUSSION 

Dr. L. A. Conner, New York, N. Y. — As I understand this, it was purely a 
fluoroscopic study. When therefore Doctor Kurtz says that a certain large per- 
centage of the patients showed signs of syphilitic aortitis it seems to me he must 
mean that they showed changes from his conception of the normal fluoroscopic 
picture, which he interpreted as being evidences of aortitis. If that is the ease I 
submit that the two things are not necessarily synonymous. 

Dr. H. E. B. Pardee, New York, N. Y. — I would like to hear in more detail what 
were the criteria used for the diagnosis of aortitis in this report. 

Dr. Kurts (closing) . — I used the term aortitis in a broad sense to denote any 
demonstrable changes in the aorta, the criteria for such a diagnosis being: (1) 
elongation or tortuosity, (2) widening of any portion, (3) pulsation to the right of 
the sternum, and (4) increased density permitting visualization of the descending 
aorta, especially in patients under the age of fifty years. It is ordinarily not 
possible to distinguish between the syphilitic and arteriosclerotic types of aortitis 
on fluoroscopic examination. This was well illustrated in the case mentioned at 
the close of the paper. The patient was a man of seventy-two years who gave 
a definite history of syphilitic infection about fifty years previously. The blood 
"Wassermann was positive, and on fluoroscopic examination the aorta showed very 
definitely the changes which are ordinarily associated with an aortitis. I boldly 
made a diagnosis of syphilitic aortitis, but when the patient died and came to 
autopsy, the process was purely arteriosclerotic in type, and no syphilitic changes 
were found. Since then I have been careful not to make an etiological diagnosis 
on the basis of fluoroscopic appearance. The only difference in the appearance of 
the aorta 111111 aneurysm is a localized sacculation in addition to the other criteria 
mentioned above. 



further studies of the aorta WITH special 
reference to luetic aortitis 

a. 0. Hampton-, M.D., E. F. Bland, M.B., and 
Howard B. Spbaoue, M.D. 

Boston, Mass. 

A METHOD for determining the presence or absence of abnonn.il 
dilatation of the aorta has been a subject of considerable interest 
for both clinical and roentgenological investigators. Repeated attempts 
have been made at the Massachusetts Gencr.il Hospital by various 
workers to standardize some practical method of determining the size 
of the ascending and transverse portion of the thoracic, aorta. 

In this paper we are continuing the study recently reported by 
Hampton and Jones 1 in which a method was presented for the de- 
termination of aortic dilatation. In the earlier paper the left anterior 
oblique view of the aorta taken at seven feet tube-screen distance, with 
the aid of fluoroscopy at. the same distance, was reviewed in a selected 
group of 120 cases. In this group, 84 patients were suspected clinically 
of having luetic aortitis. Seventeen other cases were selected because 
the aorta appeared to be visible in the left anterior oblique teleroentgeno- 
gram. None of these latter cases was considered clinically abnormal 
except for the presence of arteriosclerosis. The age group of the 37 
cases ranged from forty to sixty years, being well within the usual luetic 
aortitis age limit. In the remaining 19 cases of the group of 120, hyper- 
tension was considered to be the cause of aortic dilatation, although 4 
bad positive Wasscrmann reactions and 7 bad aortic regurgitation. The 
result of the above investigation seemed to justify the deduction of a 
normal and abnormal average measurement of the aortic root shadow 
and aortic arch. The arteriosclerotic aortic root shadow was found to 
be no more than 6 cm. in diameter and in the dilated aorta group was 
invariably over 6 cm. in diameter. A clinical and roentgenological 
agreement of <9.8 per cent of the eases was established. 

The method employed in the present study is the same as the one 
previously described by Hampton and Jones. 1 

Standard teleroentgenograms arc taken of each case studied with the patient 

of i'l TIT ? ter0 ' P ° StCri0r ’ right antwior oblique and left anterior oblique, 
of winch the latter has been found to he the most valuable. 

iorfvm^fiff 1 ^ a a " teri0r ° bliqn0 Vie "'’ t!iC t )ntiont 1S Pbwed at, an angle of from 
forty to fifty degrees with the central beam of the x-nv This ■ , . 

obtained bj- direct observation with seven foot fluoroscopy. - 'under direct roc’tecno 

zzszzzzrz j,:r to ’i” r,e ” 1 ^ »■ « 4“; 

<h. aseendin^ta-ar^ 1 ««■“«« behind 

- i, then bron 8 „t forward over ,„o top TZ 
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patient is grasped by the examiner and rotated medially as it is pulled upward and 
forward. Care must be taken to maintain the semilateral position. This maneuver 
results in drawing the right scapula forward and upward and causes the right 
intercostal spaces to widen, thus giving the maximum clearness of the aorta in so 
far as it is visible. The fluoroscopic screen is then replaced by the radiographic 
cassette. The tube is centered at the fourth dorsal vertebra. The patient is in- 
structed to take and hold a deep breath. The exposure time should be as short 
as possible, preferably 1/lOth to l/20th of a second. The fluoroscopic observation 
of the pulsation and relative size of the aorta together with the impression obtained 
during the course of the examination is very important. A seven foot fluoroscope 
is not necessary for proper posing of the patient. Many satisfactory examinations 
have been made without its use. The right oblique view of the aorta is obtained 
in much the same manner except that an effort is made to superimpose the ascending 
and descending aorta by rotating the patient in the opposite direction, the proper 
angle between the line of the shoulders and the central beam being approximately 
thirty degrees. 

Measurements of the supracardiac shadow obtained from the teleroentgenogram 
are made in the anteroposterior and left anterior oblique views. The antero- 
posterior projection is measured by a transverse line across the widest point of the 
supracardiac silhouette above the region of the pulmonary artery. The aorta is 
considered to be abnormal if this transverse measurement exceeds 6 cm. and is not 
explained by tortuosity of the aorta, obesity, high diaphragm, or mediastinal mass. 

The radiograph obtained with the patient in the left anterior oblique position 
must be carefully studied. It is necessary to identify the arch of the aorta, the 
trachea, and the posterior border of the heart. The arch is best seen where it is 
crossed by the trachea and left main bronchus. The posterior border of the heart 
can usually be traced upward from the apex to the region of the pulmonary artery. 
The inferior margin of the arch of the aorta is then followed .ulteriorly and down- 
ward to the region of the pulmonary artery where it intersects the posterior border 
of the heart. This is often difficult unless the radiograph is of excellent quality and 
the examiner has had considerable experience. The pulmonary artery should be 
identified if possible, and when there is no doubt of its identity, the method of 
measurement suggested by 0 ’Kane, Andrew, and Warren 2 has been found to be 
valuable. When the pulmonary artery is not visualized, as is often the case, the 
visible portions of the posterior border of the ascending aorta must be projected 
downward to meet the line of the posterior border of the heart. This intersection 
is in the anatomical location of the pulmonary' artery' and is taken as the posterior 
point of a transverse line to be drawn from the junction of the ascending aorta 
with the anterior border of the heart. The shadow of the anterior margin of the 
ascending aorta and the curve of the silhouette of the anterior border of the heart 
are easily' identified. The length of the transverse line drawn between the abo\c 
points rarely exceeds 6 cm., unless the aorta is abnormally dilated. It must be 
borne in mind that this diameter is not the true diameter of the aorta as it is 
found at post-mortem examination. It is merely an arbitrary measurement of the 
aortic root shadow which we believe to vary' directly' as the diameter of the aorta. 
We do not know the absolute diameter of the aorta as it exists when the arterial 
blood pressure is maintained, since such a direct measurement lias rarely if mer 
been made. The diameter of the normal aorta as measured at post-mortem examina- 
tion is not usually over 3 cm. The arch of the aorta may be measured in most 
cases, and this diameter does not exceed 3.5 cm. unless the aorta is dilated. 

Using the above method, we have studied for the present report an 
additional series of 89 cases referred for roentgenological examination 
of the heart, and great vessels because cardiovascular disease was sus- 
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PJg. 1-A. 


Pip. 3-7?. 


Fig\ 1 A and B. — A, Antero-poslerior teleroentgenogram of arteriosclerotic aorta 
showing tortuositv without dilatation. B, Oblique teleroentgenogram of arteriosclerotic 
aorta. The aorta is unusually well shown. The measurements are within normal 
limits. Note points of measurement of ascending and arch portions of the aorta. 










Pig. 2 -A. 


Pig. 2-1?. 



p. Pig- 2 -Q. 
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pected clinically. These examinations were done routinely in an effort to 
determine whether or not the measurement of the aortic root shadow in 
the left anterior oblique view is sufficiently reliable to be of practical 
value. The measurements were done before a correlation with clinical 
impressions had been made. This nonbiased attitude of the examiner 
was suggested as a contrast to that in the study of 120 cases previously 
reported in which a dilated aorta was anticipated in a relatively large 
percentage. 


MEASUREMENT OF AORTIC ROOT SHADOW AND ARCH 


Number of cases 80 

Number of cases with abnormally dilated aorta by roentgen-ray 

examination " 15 

A. Clinically diagnosed luetic . 11 

B. Nonhietic 4 


AORTIC ROOT SHADOW 
ASCENDING AORTA 

Average transverse diameter of the 11 luetic 


aortas 7.0 cm. 

Average transverse diameter of the 4 nonluetic 

dilated aortas 0.8 cm. 

Average transverse diameter. of nondilated aortas 5.3 cm. 

Maximum normal transverse diameter 6.0 cm. 


ARCH 

4.6 cm. 


3.7 cm. 
3.3 cm. 
3.5 cm. 


In the left anterior oblique view of the 89 cases, the transverse 
measurement of the aortic root shadow or ascending aorta exceeded the 
normal in 15, of which 11 were considered syphilitic, 2 had definite 
hypertension, 1 had marked arteriosclerosis, and 1 had arteriosclerosis 
and slight aortic regurgitation. Of the 11 cases with dilatation of the 
aorta by roentgenological examination, and in which hies was clinically 
considered the etiological factor, 6 had both a positive Hinton reaction 
of the blood serum and an aortic regurgitation. In 3 cases, the x-ray 
demonstration of a dilated aorta together with a positive Hinton reaction 
seemed sufficient evidence to warrant the clinical diagnosis of luetic 
aortitis in the absence of other possible etiological factors, such as 
hypertension or arteriosclerosis. In the remaining 2 patients, the 
presence of aortic regurgitation with a history of primary syphilitic 
infection even in the absence of a positive reaction of the blood serum 
was considered sufficient evidence for a diagnosis of luetic aortitis. The 
4 remaining eases with the transverse measurement of the ascending 
aorta exceeding 6 cm., 2 had hypertensive heart disease, and 2 had 
arteriosclerotic heart disease clinically. It is of considerable interest 
that there were in this series 33 eases with definite hypertension but 
that only 2 showed evidence of aortic dilatation. 


SUMMARY 

The method of study of the aorta now in use at the Massachusetts 
General Hospital is presented. This method, we believe, is valuable in 
determining the presence or absence of aortic dilatation even in cases 
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where the clinical impression is not known to the roentgenologist. 
Roentgenoscopy at a seven toot tube-screen distance is considered a 
valuable aid to accurate positions for the teleroentgenogram. lele- 
roentgenography in the left anterior oblique position has been found to 
give valuable evidence of aortic dimensions. The points of measure- 
ment selected are described and are thought to be of practical ap- 
plication. 

Measurements of the aorta in a series of routine radiographs compared 
with the clinical findings seem to justify the deduction of a normal and 
abnormal average. The normal and arteriosclerotic ascending aorta 
without dilatation was found to average 5.3 cm. The dilated ascending 
aorta invariably measures over 6 cm. in diameter when estimated by the 
method presented. The differential diagnosis in eases found by roentgen 
examination to have aortic dilatation depends upon clinical and other 
roentgen findings. 
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THE ELECTROCARDIOGRAM AND TELEROENTGENOGRAM IN 

EARLY SYPHILIS* 

Ruth Ingraham, M D., and Edwin P. Maynard, Jr., M.D. 

Brooklyn, N. Y. 

VJT7TIEN one studies the literature dealing with the heart and aorta 
in early syphilis, one finds great divergence of opinion as to the 
frequency with which clinical, electrocardiographic and x-ray evi- 
dence of involvement of these organs is to he found. The earlier 
writers in general seemed to find symptoms and signs of invasion of 
the heart and aorta in a much higher percentage of the early cases 
than do the more recent investigators. This is quite striking and sug- 
gests the thought that the change may be due, not only to better in- 
struments of precision, but also to the use of more rigid criteria for 
the diagnosis of syphilis of the heart. For example, Grassman 1 in 1900 
detected arrhythmia in 85 per cent, and murmurs in 40 per cent of 
288 cases of secondary syphilis. Harlow Brooks 2 in 1921 found that 
out of 300 cases of syphilitic heart disease, 8 per cent showed cardiac 
involvement in the secondary stage. Howard 2 in 1924 stated that of 
fifty patients in the secondary stage, eight complained of palpitation, 
five of cardiac pain, and three of dyspnea ; one had edema. In 1926 
Wilson, Wile, Wishart and Herrmann' 1 said that “a study of about 
sixty patients with primary and secondary lues has convinced us that 
reliable clinical or electrocardiographic evidence of involvement of 
the heart or aorta during this stage of the disease is decidedly rare.” 
Turner and White 5 in 1927 made a very careful study of fifty cases of 
primary and secondary syphilis. They excluded from their series all 
cases of rheumatic heart disease, arteriosclerosis, hypertension, hyper- 
thyroidism, or any other condition that might affect the heart, and 
limited their cases to patients under forty years of age. A complete 
study of these cases, including history, physical examination, electro- 
cardiogram and x-ray examination showed no definite clinical evi- 
dence of disease of the heart or aorta. Finally, Arnett 6 in 1928 found 
that organic cardiovascular disease was not demonstrably present in 
any of the twenty-five secondary syphilis patients studied. 

Thus, it is apparent that the clinical diagnosis of syphilitic involve- 
ment of the heart and aorta in early lues was made much more fre- 
quently by the pioneer workers in this field than it is today. 

In 1927, at the suggestion of Dr. Alfred Cohn, a study of syphilis 
of the heart and aorta was begun in the adult Cardiac Clinic at the 

*From the Departments of Medicine and Radiology, the Brooklyn Hospital, 
Brooklyn, N. Y. 
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Brooklyn Hospital. The plan of work is somewhat »» foUows: hvc^ 
patient admitted to the Brooklyn Hospital venereal d.soasc c I mo » 
whom a positive diagnosis of syphilis has been made » refe. ed to 
the cardiac clinic for complete survey, including tarter, , ph, steal 
examination, x-ray of heart and electrocardiogram. 1 he examinations 
are made by two men trained in cardiology, and the patients are en- 
rolled in the cardiac clinic. Reexaminations are made at varying in- 
tervals, depending upon the conditions found, hut all patients are 
reexamined at least once a year. Tt is planned to keep up this work 
indefinitely in order to study the development and course of syphilis 
of the cardiovascular system. The present study ol the elect! ocnidio- 
gram and x-ray findings in early syphilis is a part oi the rescind) 


program. 

In order to make our findings significant it was decided to select 


our cases very carefully. We chose for early eases only those who had 
had syphilis for a year or less, and- we excluded all patients in whom 
the date of the initial lesion was not known. Second, in order to ex- 
clude the changes due to age, we limited our series to patients under 
forty years. Third, to rule out hypertension, we included no case with 
a systolic blood pressure over 140 mm. Lastly, we excluded all pa- 
tients who gave a history of any other disease that might affect the 
heart, including rheumatic fever, chorea and hyperthyroidism. As a 
result, our study, which began with fifty-five early eases, rapidly 
dwindled to a total of twenty-seven that fulfilled all the requirements. 

Of these 27 cases, 19, or 70.4 per cent, gave electrocardiograms that 
fell within the limits of normal, 8, or 29.6 per cent, showed a left axis 
deviation, including one with premature ventricular beats as well. 
Compared with the findings in the. series of cases of early syphilis 
studied by Turner and White, ■’ the incidence of left axis deviation is 


much higher. They found only one instance in fifty cases, or 2 per 
cent.. Colin 7 in an investigation of the size of the heart in soldiers in 
1920 found that, of 208 normal soldiers six showed signs of left ven- 
tricular preponderance, an incidence of 2.8 per cent. Proper and 
Dams have recently published a study of axis deviation in normal 
heazts and found that 33 per cent showed a left axis deviation, vary- 
ing from slight to marked degree. Our figure of 29.6 per cent in 
ymms aclnlts wrth early syphilis corresponds very closely with this 
® St "" ee ot , Prvmatore ventricular heats cannot safely be 
, “ 6 , Sypluhs beea " sc ‘he many factors that may cansc 

r t“ 

^ - - - — » as ctr::k.:i: 
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in twenty-seven cases of early syphilis, no significant deviations from 
the normal were found. 

Now let us turn to the examination of these hearts by the teleroent- 
genogram. The films were taken in the antero-posterior position at a 
six-foot .distance from the target. The shadow measured for the aorta 
was that shadow seen immediately to the right and to the left of the 
spine in the region of the aorta. In those films in which the shadow to 
the right formed a straight line rather than a convex curve, it is very 
likely that we were not measuring the aorta hut the vena cava, and 
that the ascending aorta was not seen. In measuring the size of the 
heart itself, the total transverse diameter was used and compared with 
the total diameter of the chest. A total diameter of the heart, 50 per 
cent of the total diameter of the chest, was considered the upper limit 
of normal. However, in the actual consideration of enlargement, the 
conformation of the chest and the position of the diaphragm were 
taken into account. 

A total of twenty-three cases was studied in this way. Of these, ten 
were normal throughout. In not any of them was there any very 
striking change in the aortic shadow, but in six, or 26 per cent, there 
seemed to be slight but definite enlargement, especially of the ascend- 
ing aorta. 

When we attempted to correlate the electrocardiographic findings 
with, the x-ray, Are found that of the six cases of left axis deviation in 
Avliieh films Avere made, three were normal and three shoAved slight but 
definite enlargement of the aorta. The tlmee cases of enlargement of 
the aorta that remained gave normal electrocardiograms. Therefore, 
there was no close correlation between electrocardiographic and x-ray 
findings in our series. 

From a study of the x-ray films in the tAventy-tliree cases of early 
syphilis Ave cannot state that the slight changes found in the aorta in 
six were due to the syphilis. It may be that changes such as these 
Avould be found in a similar series of normal individuals. 

One point further Ave Avish to emphasize. As stated before, Ave lim- 
ited our series A'ery carefully to indrdduals aaIio had no other condition 
but syphilis. As Ave threAV out case after case, the interesting changes 
in the electrocardiogram and x-ray film began to disajipear, until 
finally Avhen our series Avas perfect our abnormal findings disappeared. 

summary and conclusions 

1. A series of tAventy-seven cases of early syphilis Avas studied elec- 
trocardiograpbically. The tracings Avere found to fall within the limits 
of normal. 

2. Twenty-three of these cases Avere studied by teleroentgenogi am. 
Six of them shoAved slight widening of the aorta which Avas not beyond 
the limits of nornnal deviation. 
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DISCUSSION 

Dr. Herrmann, Hew Orleans, La— I have had a case of pericarditis in a middle- 
aged patient with a severe roseolar rash of acute syphilis. The signs cleared up 
promptly under intensive arsphenaminc therapy. I believe this was an acute 
syphilitic pericarditis and suggestive evidence that the pericardium may be in- 
volved in earty sj'philis. The Wassermann is still positive, but there arc no evi- 
dences of cardiovascular syphilis. There were very slight changes in the T-wavc 
of the electrocardiograms. 

Dr. F. N. Wilson, Ann Arbor, Midi. — Some years ago Dr. Wile had several cases 
of primary and secondary lues in which he felt that involvement of the heart had 
occurred. He suggested that I examine a series of patients from his clinic from 
this standpoint. I examined approximately fifty patients with primary and 
secondary lues, when first seen, and again after the first course of arsphenaminc. 
A physical examination was made, and an electrocardiogram was taken on each 
occasion. In not one of these patients did I find anything that led me to suspect 
that the heart was involved. Most of the patients were young and had no disease 
other than the infection for which they came to the clinic. 

Dr. John Wyokoff, New York, N. Y.— I would like to ask about tbe P-R intervals 
and the QRS complex in this series. 

Dr. Maynard (closing) .— We studied the P-R interval, the QRS, the T-wavc and 
the S-T interval in all our eases. There were no changes from the normal. I am 
interested in Dr. Wilson’s series. We have not made a clinical study of our cases 
of early syphilis. We have not seen pericarditis as mentioned by Dr. Herrmann. 



SYMPTOMS AND CLINICAL COURSE OF SYPHILITIC AORTIC 

INSUFFICIENCY* 

R. W. Scott, M.D. 

Cleveland, Ohio 

r J ’HIS paper deals with the elinieal observations on 107 antopsied 
cases of syphilitic aortic insufficiency seen ‘on the wards of the 
Cleveland City Hospital during the past ten years. During this time a 
particular effort Avas made to correlate the clinical aspects of this dis- 
ease Avith the post-mortem findings, in the belief that such a combined 
clinical and pathological study Avhich brought the pathologist to the 
Avards as Avell as the clinician to the laboratory, afforded the best 
method of attacking some of the problems associated Avith latent syph- 
ilis as a cause of heart disease. 

Before considering the folloAving obseiwations, I think it important 
to mention that they Avere made on a group of patients in the charity 
Avai’ds of a municipal hospital. For the most part the patients Avere 
from the Avorking class and more than 50 per cent Avere negroes. 
Many patients had adA’-anced heart failure Avhen first seen. 

Sex. — There Avere 92 males and 15 females, a proportion of approxi- 
mately six to one. 

Age. — The youngest patient Avas tAventy-three yeai’s old; the oldest 
seventy-nine years. The number of cases in the vaidous decades is as 
f oIIoavs : 

Decade 20-30 30-40 40-50 50-60 60-70 70-80 

5 25 32 27 15 3 

Thus -it is seen that the largest number of cases is in the decade, 40-50. 

Interval from Primary Infection to Death . — The shortest interval 
elapsing from the primary infection to death Avas five years, the long- 
est forty-eight years, with an average of about twenty years. 

An effort Avas made to ascei’tain the length of time that free aortic 
regurgitation Avas present before the signs of myocardial failure ap- 
peared. This Aims admittedly difficult because the A'ast majority of oxir 
patients did not seek medical attention until signs of heart failure de- 
veloped. In this series the longest interval that free aortic regurgita- 
tion Avas knoxxui to exist prior to the deA r elopment of heai’t failure Avas 
six years. This Avas in a female Avhose insufficiency Avas due to ring 
dilatation with very slight involvement of the aortic leaflets. I have 

*From the Medical Clinic of AVestern Reserve University at Cleveland City Hospital. 
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patient whose insufficiency existed for at least eighteen years 
before death from heart failure. 

Subjective Symptoms . — The first symptoms cum, darned of by the 
vas” majority of patients in this series were those of « 

failure-dyspnea on exertion, palpitation, and edema ot th 
extremities. Precordial and substernal pain or anginal at tacks 
seldom noted except in those, cases of marked narrow mg ol t ie uno 
nary arteries. Even in the presence of marked constriction ot the coro- 
nary months, chest pain was not always present. For example, m one 
instance of complete occlusion of both coronaries iiom syphilitic 
changes in the sinuses of Valsalva, pain was not present during the 
three weeks that the patient was under observation before death. 

Objective Findings in the Absence of Congestive Failure .— In the 
majority of instances there were the well-known peripheral vasculai 
signs of free aortic regurgitation; a thickened left ventricle with a 
forcible localized apical thrust, usually displaced downward and out- 
ward. More often than not a to-and-fro murmur was present, loudest 
over the anatomical site of the aortic orifice, hut distinctly audible 
over the base and in the aortic area to the right of the sternum. Of 
the more unusual physical signs, there were two cases in this series in 
which the diastolic murmur was so loud as to he heard as a buzzing 
sound by the unaided ear several feet from the patient's bed. There 
was also in these two cases a marked diastolic thrill palpable over the 
base of the heart. In four cases a palpable systolic thrill was present, 
suggesting aortic stenosis, hut in none of those was the aortic orifice 
narrowed at autopsy. In approximately 5 per cent of this series one 
heard over the aortic area, a snappy second sound of valve closure, fol- 
lowed by a blowing diastolic murmur. This proved to he a valuable 
diagnostic sign of ring dilatation. 

Objective Findings in the Presence of Congestive Failure .— In 99 
cases in this series, varying grades of. congestive heart failure were 
present at the time of death. With advancing failure the apical thrust 
usually became less sharply localized, and palpation over the apex re- 
vealed a more diffuse and less forcible left, ventricle. At this stage the 
murmurs arising at the aortic orifice became less intense, and the pulse 
lost its characteristic water-hammer qualities. The cardiac mechanism 
lemained normal m all but five, eases. There were three instances of 
a ular fibnllatl0n a » d two of paroxysmal auricular tachycardia. I 
mve no accurate data on the incidence of periodic breathing i n this 
S oup dying of heart failure, hut certain it is that the major! v d 

Cheyne-Stokes respiration for * • J ) ,lacl 


nr . . _ varying intervals preceding death, 

life T ? UrSC *~ An attempt was made to ascertain the duration of 
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rears, the shortest two weeks, with an average of about one year. To 
arrive at this average, I assumed that an individual occupied as a 
laborer possesses a certain myocardial reserve to permit him to carry 
on. If he is forced to stop work because of respiratory distress and in 
spite of treatment succumbs to his disease in less than a year, we are 
justified in including such a case in the group that died less than a 
year after the onset of symptoms. 

The more or less abrupt appearance of cardiac symptoms, and the 
progressive nature of the heart failure characterized the clinical pic- 
ture. For example, the following account covers the salient features 
observed in the clinical course of this group of patients: A well- 
developed male in the prime of life, with a negative cardiac history, 
always able to do manual labor, observes breathlessness on exertion 
and palpitation of the heart. These symptoms gradually increase in 
severity until he is no longer able to work. Edema of the lower ex- 
tremities appears. At this stage lie is admitted to the hospital, and 
one finds the cardinal signs of congestive failure : an enlarged and 
overaetive left ventricle, with aortic insufficiency. In spite of treat- 
ment the patient may progress rapidly to death, or he may make a 
temporary recovery only to fail again in a few weeks or months. Cer- 
tain it is that in the type of patient here considered a frank cardiac 
decompensation marks the beginning of the end. The majority died in 
less than a year from the onset of congestive failure, and it Avas the 
exceptional case that lh r ed more than tAvo years. 

SUMMARY 

FolloAving are the conclusions reached from the clinical observations 
on 107 autopsied cases of syphilitic aortic insufficiency. It is probable 
that the type of patient included in this group — indmduals from the 
AA'orking class, and the majority negroes — has some influence on the 
facts observed, though to Avliat extent it is obAdously difficult to deter- 
mine. 

1. Syphilitic nrvolvement of the aortic orifice may appear as early as 
five years and as late as forty-eight years after the primary infection. 
The a Average time inteiwal is around tAventv years. 

2. Free aortic regurgitation appearing out of a clear sky in an adult 
with a negative cardiac history, and with no eAddence of acute infec- 
tion, should be regarded as syphilis until proA r ed otherwise. 

3. Substernal pain and anginal attacks are not important symptoms 
in the type of cases here considered. 

4. Syphilitic aortic insufficiency is more common in the negro than 
in the white. 

5 . The appearance of congestive heart failure in a patient Avith 
syphilitic aortic insufficiency is a grave omen. 
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Dr. F. N. Wilson, Ann Arbor, Mi-1,. Dr. Scott spoke of |«in 

S on,o of his patients lnul. He stated tlm. in his senes «i eas-s .t was rd » 

rare and occurred in eases in which the months oHho coronary arteries wore nar. ou-d 
and I presume that the pain was of the type referred t« as an-nu, p-.ons 
have seen a few patients with syphilitic aortitis who eo.nplu.md of rl,«M pan. «h.eh 
appeared to be of a different hind. 1 would not venture to say that t t.'p" " ! 
pain which they had was characteristic. 1 remember two of these pnt.enls well; 
both had slight aortic insufficiency, a faint murmur without vas-nlar Mgiw, and 
slight dilatation of the first part of the aorta. The Washerman., was positive in 
l,oth. They complained of a burning pain whieh was felt in the epigastrium or 
beneath the ensiform and radiated upward under the sternum. There was no 
radiation to other parts of the chest or to the arms. The pain was pot eb.-ly 
related to exercise and was not relieved by nitroglycerin. Antibiotic treatment had 
no definite effect upon the pain while the patients were* under observation. The 
pain was quite different from that ordinarily seen in coronary dis-a-e and this 
suggested that it might he the direct result of the aortic involvement. 

Dr. Emanuel Libman, New York, X. Y, — 1 will speak briefly on the subject oi 
flic sensitiveness to pain in the patient, which is important in this type of case. 
In the hvposensitive type of patient we may get contralateral radiation, or radiation 
toward the focus (inverse radiation). There may lie very marked weakness in- 
stead of pain. That is a very important point. Keflex disturbance may largely 
replace pain. There may he aerophagia. A patient with coronary thrombosis may 
have this latter symptom with dyspnea. If Dr. Wilson’s patient was hvposensitive, 
the pain might have radiated toward the heart, instead of outward. 1 agree with 
Dr. Wilson, 1 have not seen very much ao'rtic. syphilis. 

Dr. Smith, Iowa City, Iowa. — I would like to know if Dr. Scott thinks involve- 
ment of the coronaries as important as aortic regurgitation. 

Dr. Alexander Lambert, New York. X. Y. — Why does Dr. Scott say that th« ring 
is dilated when the valve snaps hard and there is a blowing diastolic murmur .’ Is 
that not an evidence of the valve closing with thickened edges rather than of 
dilatation of the ring? 

Dr. Saul. I would like to ask Dr. Scott if he encountered any eases of 
nocturnal dyspnea. One-third of these eases will complain of difficulty in breathing 
at night. They begin with nightmares, advancing to real cardiac asthma attacks. 
If we bear that in mind, vve can advance the period of symptoms six months. This 
precedes dyspnea on exertion and snbsternnl pain. 

Dr II . 77. llobcy, Boston, Mass.— We had an interesting ease at the Boston Citv 
Hosp.tal A colored washerwoman of thirty-four years who had to climb threV 

sufficLev Shot 10 ! tC, ' CnH ' ,,i ’ 10 ,,w ' v:,,a complaining of myocardial in- 
sufficiency , She had no pain. At autopsy both coronaries were found occluded vet 

«**« *- «<*, a* - 

Dr. Lewis A. Conner, New York N V mi, a- ; 

« n<n% progressive esse of h.eii'e s„,i,L ulf.olZil'f 1 

HcJGllCV fi Tlfl if i«s oil fl.rt .. , ^ «un (. lit. of 1101* t u* jjjsuf* 

tr ™ r r 

regurgilstio,,, it fa „ecess»rifv'f,,!e tint u,™ 

- or «,ree psUe.,0 ^ ^ SZZ 'JZ 
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years; one patient lasted nine years then passed out of my observation. I agree 
with Dr. Wilson and Dr. Libman as to pain in this type of disease. It is not 
always typically anginal. I have seen pain corresponding to angina, but I have 
also seen patients who describe a burning, or discomfort, or gnawing sensation, which 
was not necessarily brought on by exertion. There are many forms of bizarre 
precordial distress. In regard to the sharply accented aortic second sound, it has a 
bell-like ringing quality, somewhat different from the sound of essential hyperten- 
sion of atheroma. Why, I do not know. It is not always present, but when it is it 
suggests syphilitic aortitis. 

Dr. R. TF. Scott (closing). — In reply to Dr. Lambert’s question concerning the 
snappy valve closure sound followed by a blowing diastolic murmur as evidence of 
ring dilatation, I will say that these physical signs occurred in several cases which 
at autopsy showed a dilated aortic ring with fairly normal valve cusps. In such 
instances the valves may be actually larger than normal. They are approximated 
during diastole, causing a snappy and sometimes a tympanitic sound, but being un- 
able to seal the dilated orifice, a regurgitant stream of blood flows back into the 
left ventricle, causing a murmur. It is admittedly difficult to estimate the amount 
of leak that may occur at the site of widened commissures. Being at the periphery 
of the stream, it seems likely that less blood would regurgitate through widened 
commissures than through a defect in the center from insufficient valve surface. 

Anginal pain and nocturnal dyspnea were seldom noted in this group of patients. 
On the other hand, these symptoms are known to occur in some cases of syphilitic 
aortitis. It seems likely that the nervous organization of the patient — the suscepti- 
bility to pain — is an important factor determining the presence or absence of pain 
in uncomplicated syphilitic aortitis. 

I have seen three cases similar to those mentioned by Dr. Kobey. Both coronary 
arteries were completely occluded from syphilitic involvement of the sinuses of 
Valsalva, without infarction of the myocardium. The long time interval mentioned 
by Dr. Herrick did not occur in this series so far as we could determine. We 
have no data on the duration of free aortic regurgitation preceding the appear- 
ance of myocardial failure, but certain it is that once congestive failure appears, 
the prognosis in the majority of cases is bad. Therapeutic measures may lead to 
temporary improvement, but in our experience a frank cardiac decompensation in a 
patient with syphilitic aortic insufficiency marks the beginning of the end. 


i 



THE DIAGNOSIS OF UAEDIOVASCULAU SVFinEIS; 
ANALYSIS OF CLINICAL AND POST-MOK 1 LM 
FINDINGS® 

William ,D. Bum, M.D. 

Boston', H ass. 

S YPHILITIC lesions of the aorta were disclosed in 3.n per cent oi 
1678 consecutive necropsies. 1 In 70.5 per cent ot these eases the. 
disease was advanced and in most was listed by the pathologist as the 
primary cause of death. In a later series- ot 100 necropsies cardio- 
vascular syphilis was found in 7 per cent. These studies of clinical 
records and examination of the literature showed cardiovascular syphilis 
to represent 11 to 25 per cent, of all organic disease of the heart. 

Syphilis of the heart and aorta, after a latent period of varying 
length, tends to become a progressive disease; it maims and kills those 
in the prime of life. There is evidence that if the disease be treated 
adequately at an early stage its disastrous effects often may be. pre- 
vented. It. should, therefore, be evident that the morbidity and mor- 
tality from cardiovascular syphilis arc in certain respects a reproach 1o 
the medical profession. 

Greater accuracy in the diagnosis of the disease is much needed. It 
is the purpose of this article to discuss the symptoms and signs, in- 
troducing as far as is pertinent, statistics obtained from eases proved 
by necropsy. 

MATERIAL 

The data have been obtained from various sources. A group of 61 
clinical cases 3 and another of 54 necropsies, 1 both at the Massachusetts 
General Hospital, have been reported. A new series of 24 necropsies 
at the Boston City Hospital has been added. The analysis of this lat- 
ter series was made particularly for this article. For this reason cer- 
tain of the statistics can he drawn from the final group only, whereas 

Table I 
Material 


Cases 

Lesions, advanced 
Lesions, moderate 
Lesions, slight 

Average age 
Males 
Females 

—Associated with nonsypiniitic. licart disease 


7 8 


67.9 per cent 
26.G per cent 
5.1 per cent. 


47.9 years 
82.7 per cent 
17.fl per cent. 
LH.fi per cent 


•F,™ th, Evan. Mmortu „„ Unlv.r.Hr, School or 

91 



92 


THE AMERICAN HEART JOURNAL 


others are obtainable from the entire series of 78 necropsies. The 
literature on the subject has been utilized* and in addition an unknown 
number of cases personally examined in hospital and private practice. 

Age and Stage .— The average age in the 78 necropsy cases mas 47.9 
years. The lesions were advanced! in 53 with an average age of 52.5 
years, moderate in 21 with an average age at death of 49.6 years, and 
slight in 4, whose average age was 37.7 years. The minimal age was 
thirty-one, eighteen, and twenty-one years, in the advanced, moderate, 
and slight groups, respectively. But 15 of the 78 necropsy cases 
achieved the age of sixty years; only two passed the age of seventy. 
In one of the latter the syphilitic lesions were slight and in the other 
moderate in degree. 

Sex . — There were but 14 women in the 78 cases coming to necropsy. 

Association With Other Cardiac Diseases . — These 7S necropsies of 
patients with cardiovascular syphilis showed additional lesions of 11011 - 
syphilitic origin in 34 (43.6 per cent) of the cases. The data obtained 
from the final group of 24 necropsies are given in Table I. The com- 
bination of other forms of heart disease with that due to syphilis is 
■' doubtless well known. It has been pointed out'* that its presence should 
always be suspected in cardiovascular disease, as antisyphilitic therapy 
may sometimes transform the clinical picture in a favorable direction. 


SYMPTOMS 

Cardiovascular syphilis often exists in the absence of symptoms. It 
has been said that the disease is often symptomless until complications 
such as aortic insufficiency or aneurysm, are present. In the out-patient 
group substernal pain or shortness of breath was present in all, but 
in about one-quarter of the necropsy cases there were no symptoms of 
the disease. The latter statement is, of course, the more important, as 
it is not surprising that the diagnosis in the living patient is usually 
made in patients exhibiting symptoms which draw attention to the 
disease. 

Pain, shortness of breath, cough, hoarseness, and weakness are the 
more prominent symptoms. In many cases the symptomatology is 
simply that of congestive failure of the heart, or broken compensation 
if the older term is preferred. These symptoms will bear individual 
presentation. 

Pain . — If there are symptoms, pain is prominent. It varies from an 
ill-defined pain in the chest, or epigastrium, or a sensation of tightness 
or burning about the upper sternum to the utter torture of severe angina 
pectoris. It may come in attacks, be associated with exertion, or be 


'More fully in reference X. t 

tThe lesions were deemed to be sl’ght wUen but a r ° and'' Severe when 
moderate when there were many placques or the latter neie large. .ami l se 0 r \ ) 0 a, 
the aorta was extensively involved or aortic insufliciencj or an aneurjs 
were present. 
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pvcsenl almost con.hu.ously. In to»£» «»* ™ dta ''“ B ' W 
tim os resembles th»l of »»S‘™ ^ „« W <***; « 

Pain was present m ~b P™ ce (Tul . Levine* attributed 

t „,l,c S >nKlvonm^tan B nm 1 « o™ ml> ( #f ^ It is 

to syphilis but < P C1 CC1 ' 1 0 f angina protons has 

pvolmblctlunUmfroquonoyotsyulnlm.^. ^ of 

been oversf tossed. I "on' 1 ' • . , wn( i ro , m >. since rccc«i)i- 

syphilis as a eanse of some eases of the a P «*» „ f . 

tion of this etiological factor leads o ' “ 

the aortic lesions may account for the occurrence oi niijrina.pn.lont, 
our series of 78 necropsies the orifices of the corona nes wore narroued m 
ten cases. The right orifice, was completely occluded m t n-ee ms anu . . 
the left in one, and both in one. Pain, however, was monied m . hut 
two of the patients, in each of whom the necropsy disclosed n twing- 
ing but. not complete occlusion of the orifice of the right coronar> ws- 
seh The pain did not conform to the syndrome of angina pectoris. . 

The relation of the pain to 1 tic condition of the coronary arteries, aside 
from their orifices, was carefully analyzed in the final group of 24 
necropsies. In 14 eases the coronaries were normal and in 6 of these 
pain was present; in one it was described as a sensation of pressure, in 
one that of angina pectoris, and in the other 4 it was a definite pain 
which did not conform to the syndrome of angina pectoris. Tn another 
6 cases there was slight to marked sclerosis of the. coronary avterics but 
pain was absent. In the remaining 4 with slight to marked coronary 
lesions pain was present. It is evident that the condition of the coronary 
arteries was not the determining factor in the presence of the pain. 

Tahi.r TI 

Association With Other Cardiac Disease; Twenty-Four Necropsies 


Arteriosclerosis 


0 

Hypertensive heart disease 


3 

Bacterial heart disease 


3 

Rheumatic heart disease 


•t 

Definite 

o 


Probable 

-1 


Combined 

1 


Terminal endocarditis 

1 

Congenital heart disease and arteriosclerosis 
Rheumatic heart disease, arteriosclerosis, and 


1 

hypertensive heart disease 


1 

Total 


17* 

No other cardiac disease 


7 

Two cases are entered under two headings; hence 

the total is IT 

not TP. 


Further analysis disclosed that the symptom of pain was not re- 
nted to the degree of syphilitic change in the aorta. In the 7S necrop- 
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sies there were 18 aneurysms, which gives a percentage of 23. Eleven 
or over half, were without pain. Fourteen of the aneurysms involved 
the ascending or transverse part of the arch of the aorta. The fifteenth 
was a small aneurysm of the descending thoracic arch. The remaining 
three were below the diaphragm, one each located in the abdominal 
aorta, the celiac axis, and the superior mesenteric artery. 

Shortness of Breath . — This is a common symptom but often is not 
present until a few weeks or months before death. It appears to be a 
symptom of congestive failure of the heart and is often associated with 
edema of the extremities. It was noted in all but 3 of the final group 
of 24 necropsies. In 2 of these it was characterized as nocturnal 
dyspnea. 

The duration of the shortness of breath in these 21 patients before 
entrance to the hospital was: three months or less in 4; four to eight 
months in 6; nine months to two years in 4; few years in 2; and un- 
known in 5 patients, respectively. All died after relatively short periods 
in the hospital. This discloses that in 10 cases, or nearly half of those 
affected by shortness of breath, this complaint had been present not 
more than eight months before their admission to the wards, and death 
usually followed within one to two months more. 

Cough . — Only 9 of the 24 had cough, and in but 2 of these was it 
severe. 

■ Weakness . — Two patients complained of weakness. It is reasonable 
to assume that it was present in many toward the terminal stage but 
was overshadowed by the other symptoms. 

Hoarseness . — This symptom was noted in but one of the 24 cases. 
In this patient there was an aneurysm of the arch of the aorta. Hoarse- 
ness or brassy cough was not noted in 6 other patients in whom an 
aneurysm of the transverse portion of the aortic arch was found at 
necropsy. 

Dysphagia may be present when an aneurysmal change in the aorta, 
especially the descending thoracic portion, presses upon the esophagus. 
It did not occur in this series. 

Fever . — An irregular fever has been reported in the literature. It. is 
of exceptional occurrence; fever was not present in any of the <S 
necropsy cases that could not readily be explained by other conditions 
found at the post-mortem examination. I am not aware that I have evei 
noted it in a patient affected by cardiovascular syphilis. 

Duration of the Symptoms . — The relatively short duration of the 
symptoms before the death of the patient is impressive. In 15 of the 
24 necropsies it averaged but eight and one-half months; the exti ernes 
were three weeks and two years. In six it was unknown, in the remain- 
ing thi'ee it was recorded as months, a long time, and 3 eais, ie 
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snectively (Emerson,. m a statistical study, 0 notes that death usually 
followed within two years after the development of the disabling- symi - 

In the clinical group 3 the average duration of the symptoms befo 
reporting for treatment was one and one-quarter years. Twelve died, 
7 w ho received mercury and potassium iodide averaged 1.3 years under 
treatment, and 5 treated chiefly with arsphenamine survived an average 
of 3.07 years. Ten were alive at the time of the analysis; 9 of these 
received arsenical therapy. Six of the latter were free of symptoms 
and able to work. The remainder eonld not be traced. The conclusion 
was drawn from these clinical cases that cardiovascular syphilis is a 
progressive disease hut can sometimes he checked by adequate therapy. 
This opinion finds confirmation in the literature. 

Manner of Death . — Patients with cardiovascular syphilis commonly 
die from progressive failure of the heart. In the final group of 24 
necropsies 19 died of congestive heart failure; three of these died sud- 
denly and a fourth while in sleep. 


Table III 
Symptoms 


Absent 

Pain 


Angina pectoris 

Involvement of mouths of coronary arteries 
With angina t 
With non-anginal pain} 

Coronaries normal* 

Pain present} 

Angina pectoris} 

Coronaries sclerosed* 

Pain present} 

Aneurysm of aorta 
Pain present} 

Shortness of breath* 

Nocturnal dyspnea f 
Cough* 

Weakness* 

Hoarseness* 

Dysphagia 

Fever 


Duration of symptoms* 
Manner of death 

- From congestive failure* 
Sudden* 


* Percentage applies only to final group of 24 necron< 
i Pei centage applies to topic below which this item 


25.0 per cent 

28.0 per cent 

4.0 per cent 

12.0 per cent 
0 per cent 

20.0 per cent 
58.3 per cent 

42.5 per cent 

7.1 per cent 

41.7 per cent 

40.0 per cent 

23.0 per cent 

35.8 per cent 

57.5 per cent 

9.5 per cent 

37.5 per cent 
+8.3 per cent 

4.1 per cent 
0 

0 

8.5 months 

79.1 per cent 

12.5 per cent 


indebted. 


— * 

111 ™»y cases, before the condition w 1m r 1 S presen 
animation discloses no significant abnormal « 
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Cardiac Enlargement. — The heart may be enlarged, but, as is well 
known, this is not always detected with accuracy by physical examina- 
tion. The average weight of the heart in the series of twenty-four 
necropsies was 555 grams (the normal weight of an adult heart varies 
from 240 to 360 grams 7 ). In twelve cases with an average weight of 
554 grams the enlargement was detected, but in the remaining twelve 
with an average weight of 557 gm. the increase in weight of the organ 
was not disclosed b.y physical examination. This result is but confirma- 
tion of the fact noted above, that hypertrophy of the heart is not ac- 
curately detected by physical examination. 

Supracardiac Findings. — Percussion over the great vessels, a part of 
the physical examination that is too frequently neglected, often discloses 
an abnormal area of dullness. The supracardiac dullness is most marked 
in the midmanubrial region and in contrast to that found in arterio- 
sclerosis tends to extend farther to the right than the left. Simple 
dilatation of the ascending aorta, aneurysm, and nonsyphilitic changes 
must be differentiated. 8 This datum was not recorded sufficiently fre- 
quently in the necropsy series to warrant statistical analysis. 

Visible throbbing of the carotids and in the suprasternal notch was 
present in all but 5 of the 16 eases showing insufficiency of the aortic 
valve. 

A friction sound over the base of the heart was not observed in 
this series. This finding is of exceptional occurrence; I can recall 
its detection in but a few r cases. It has been explained as due to a 
plastic exudate on the outer surface of the aorta, but such exudate is 
rarely found. Perhaps it may be present in association with certain 
aneurysms of the first part of the aorta. 

Murmurs . — A systolic murmur was noted in IS out of the group of 
24 necropsies. It was audible over the precordia in 12, at the base in 
3, at the apex in 3, and was transmitted to the neck in 3. The systolic 
murmur varies from faint and soft to loud and rough. Occasionally the 
systolic murmur at the base is accompanied by a thrill, which does not, 
however, indicate actual stenosis of the aortic valve. 

It is well known, of course, that a sj'stolic murmur is present in many 
hearts that are not affected by syphilitic or any other type of cardiac 
disease. When these systolic murmurs are attributed to the presence of 
cardiovascular lues, that at the apex is believed to be due to relative 
insufficiency of the mitral valve, i.e., the valvular cusps are normal but 
the ring of supporting muscle has dilated with the dilatation of the left 
ventricle so that the mitral valve does not completely close. 

The aortic valve was normal in 11 of the group of 24 necropsies, but in 
6 of these a systolic murmur had been present over the base of the heart. 
The remaining 13 cases showed some structural lesion of the valve, but 
in three no basal munnur was detected in life. In 4 of the 10 eases w ith 
alteration of the aortic valve and a basal murmur the valve showe 
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changes (such as a congenital malformation, stenosis of. 
origin etc.) other than mere roughening to account im to 
Study of these eases to determine if the basal murmur conk >e re a e< 
to roughness of the aortic valve disclosed that such relation was vei> 

dubious. 

Much attention has been directed to the systolic murmur at the base. 
This murmur is commonly attributed to roughening oi the aoi ic, -\a \e 
but this explanation is erroneous, since it has been shown elsewhere- tin 
the factor of roughness alone has little if any influence in the causation 
of a murmur. The more reasonable explanation is that the dilatation 
of the first part, of the aorta, which is common in cardiovascular syphilis, 
causes the blood ejected through the aortic valve to form a vcine flrndc 
or jet. The production of a jot, in the circulatory system is the most, 
important condition causing a murmur. The physical conditions pics* 
ent when the vessel is dilated just beyond the unnarrowed aortic valve 
are identical in their effect, on the column of blood ejected to those 
present when actual stenosis exists; both cause the vcine fluidc or jet 
and this the murmur. A murmur so produced is commonly transmitted 
best in the direction of the blood stream. My own experience in ex- 
amining patients affected by cardiovascular syphilis leads me to believe 
that the systolic murmur at the aortic area is more frequently trans- 
mitted to or toward the ncclc than was recorded in the necropsy group 
analyzed in this report. 

The diastolic murmur of aortic insufficiency is common. It was noted 
in 37, or 47.4 per cent, of the 7S necropsies. This murmur is of maximal 
audibility along the left sternal margin at the third and fourth costal 
cartilage, or over the second right costal cartilage. It may be audible 
over the entire prccordia, or at times it fades away between the sternum 
and apex where it. may again reappear, especially external to the apex. 
The diastolic murmur of aortic insufficiency was detected in 16 of the 
final group of 24 necropsies. Its point of maximal audibility was 
equally divided between the aortic area (second right costal cartilage) 
and the left sternal margin. It was transmitted to the apex in 8 eases, 
and to the neck in but one. 

The diastolic murmur of aortic insufficiency, often present in cardio- 
vascular syphilis, begins with the second heart sound and continues 
a variable period after it. In this respect it differs from the only other 
common murmur occurring in diastole, i.e., that of mitral stenosis; 
the latter never begins until just after the second sound ™ This is in 
accord with the physiology of the heart since the mitral valve docs not 
open to permit the blood to move through the mitral valve from h 
left anncle «n„l jnst after the second sonnd. It is my impression tte 


mnr bert^ Se T] made of notin § the exact time when the diastolic 
mui begins. The aortic diastolic is also steadier or less rolling in on 

higher pitched, and often louder than the, due to ml^l « 


mur- 
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It is generally true that diastolic murmurs do not tend to appear 
and disappear as do many murmurs associated with systole. However, 
in early cases I have noted, as pointed out by Allbutt, 11 that there may 
for a time be a remarkable intermittency in the murmur; later it be- 
comes permanent. 

The diastolic murmur of aortic insufficiency is sometimes audible only 
if the auscultation is painstakingly performed. The most favorable time 
is immediately following full expiration and with the patient in the 
erect or leaning forward posture, as was emphasized by Pardee. 12 Some- 
times exercise may intensify the murmur. It occasionally happens 
that those who do not use the large diaphragm chest-piece of the Bowles 
stethoscope will detect the aortic diastolic murmur only by listening 
with the ear applied directly to the chest. 

The relation of the diastolic murmur to the lesions of the aortic valve 
disclosed at necropsy is of interest. An aortic diastolic murmur was 
detected, as stated above, in 37 of the 78 cases herein analyzed, which 
gives a percentage of 47.4. The base of the aortic cusps was adherent 
to the contiguous part of the wall of the aorta in 9 cases, but insufficiency 
of the valve v T as demonstrable post-mortem in but. 4 of these, though it 
■was manifest in 20 other necropsies without this type of lesion. Aortic 
insufficiency was present clinically in all 9 of the cases with adherent 
cusps and in 28 others. Thus, in this series post-mortem evidence of 
aortic insufficiency was demonstrable in but two-thirds of the cases 
in which it urns noted in life, and in approximately three-fourths of the 
cases the lesions of the cusps Avere not the cause of the insufficiency of 
the valve. Therefore, it seems reasonable to conclude that in most cases 
the ingurgitation is mainly due to yielding of the surrounding muscle 
and dilatation of the aortic ring. 

It is of interest that in a series of 10 necropsies, Juster and Pardee 13 
found involvement of the coronary orifices in each of the 4 cases that 
•shoived aortic insufficiency, and not in the remaining 6 Avithout the 
valvular insufficiency. That this combination is not constant is evident, 
from the fact that in the series of necropsies herein analyzed there Avere 
37 cases in Avhich aortic insufficiency Avas recognized clinically, 24 m 
Avhich it Avas evident at the necropsy, and but 10 in Avhich there Avas 
involvement of the coronary orifices. My notes are not sufficiently 
complete to ansAver the question of Avh ether the coronary openings ever 
are narroAved in the absence of aortic insufficiency, but I suspect that 
such may at times occur. 

Austin Flint Findings at the Apex . — In avcII -marked cases of aortic 
insufficiency there are sometimes auscultatory findings at the apex which 
simulate those found in organic stenosis of the mitral valvo. It is im- 
possible to analyze their frequency from the data recorded in this series 
of cases. My personal experience in examining similar cases gives 
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ground for the opinion that the Flint findings are occasionally present 

with high grade aortic regurgitation. 

Aortic Second Sound . — In the latter group of 24 necropsies there arc 
6 of the 16 showing aortic insufficiency m which the record contains 
definite statements in regard to the aortic second sound. In two of these 
ax the aortic second sound was recorded as accentuated and the valve 
normal at necropsy; in three it was masked by the murmur, and 
there were lesions involving the cusps. In the sixth case the aortic sec- 
ond was normal and the cusps were thickened, more so, in fact, than in 
one in which the sound was masked. This confirms the opinion that 
the second sound sometimes is present in spite of the insufficiency of the 
aortic valve. In 5 of the 24 necropsies the accentuation of the aortic 
second sound was noted, and as already stated, in two it was associated 
with the diastolie murmur of regurgitation. 

Allbutt 11 emphasized a change in the quality of the second sound, the 
detection of which lie believed to he of value in the diagnosis of syphilitic 
disease of the aorta. He describes it as a “tympanic second sound” 
and cites Potain’s comparison of it to the sound of the tabourka, ail 
Algerian drum made of an earthen pot with a skin stretched over its 
mouth. I am satisfied that I have at times defected such a quality in 
the second aortic sound, but so similar a sound may be heard in anterio- 
sclerosis that, on the basis of the sound alone, I would not have the 
confidence to diagnose which of these conditions was present. It is 
probable that the changes in the wall of the aorta when affected by 
either syphilis or arteriosclerosis are sufficiently alike to have a similar 
physical effect on the sound produced when the aortic wall is set, in 
vibration. When this tympanic quality of the aortic second sound is 
considered with all the other evidence, it may be possible to correlate 
it to cardiovascular syphilis or arteriosclerosis, as the case may bo. This 
physical sign appears to be one of the minor findings and should he 
used circumspectly until one has acquired sufficient experience in di- 
agnoses confirmed by necropsies, to use it successfully; probablv hut few 
have had this experience. 

in rT of? P f se — Tl f cdlapsmg or water-hammer pulse was present 
11 of the 16 cases of aortic insufficiency in the final series. This vas- 
eular phenomenon was described as slight in one case, in three as 
c eiate, and marked in the remaining seven. Its absence in +i, n 
record of almost one-third of the 6 cases of aortic insufficiency is worthy 

& £ ;r: s z ;;; r - “ 
tr* reiated to t,w ~ -w* 
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Blood, Pressure. — Contrary to the belief of some there is nothing 
characteristic of the blood pressure in cardiovascular syphilis, unless 
aortic insufficiency is present when the Corrigan pulse is often but 
not always found. The essential feature of this appears to be a big pulse 
pressure, i.e., difference between the systolic and diastolic pressure 
levels, and usually a diastolic pressure lower than the expected normal. 
The extremes of the pulse pressure with the Corrigan pulse were 70 
and 149 mm. Hg. ; in its absence the extremes were 30 and 85. In one 
case in which the Corrigan pulse was noted, the diastolic pressure was 
90 mm. The systolic pressure level varied from 130 to 200 mm. with 
the Corrigan pulse, and 114 to 235 without it. The diastolic pressure 
averaged 67 mm. with and 69 mm. without the Corrigan pulse. Except 
for the changes in the blood pressure levels associated with insufficiency 
of the aortic valve, it was impossible to relate the instances of elevated 
pressure of the blood to the presence of cardiovascular syphilis; the 
presence of chronic arterial hypertension could not be excluded. 

Development of the Physical Signs. — May I quote from a previous 
paper? 15 “My first study of a series 3 of cases of cardiovascular syphilis, 
in which I either examined the patients or had their medical records 
covering frequently a period of years, has stamped indelibly on my 
mind the progressive nature of this disease. Case after case first 
showed nothing abnormal in the cardiac findings, later a systolic mur- 
mur appeared at the aortic area, and after a period of a few months to 
about a year, the murmur of aortic regurgitation and often that of a 
mitral leak and advanced heart failure developed.” 

Noncardiac Signs of Syphilis. — If the physical examination is con- 
ducted with sufficient care and is complete, it is not uncommon to find 
evidence suggestive of syphilis. Changes in the pupils, enlargement 
of the epitrochlear glands, alterations in the tongue, a scar on the 
prepuce, anal condylomata, certain scars on the skin, sabre-shaped 
tibiae, altered reflexes, etc., may suggest syphilis. It is noteworthy that 
changes in the pupils were frequent in the series of 24 necropsies. In 
7 the pupils were irregular; in 6 they were unequal; in 5 the reaction 
to light was sluggish; and in 3 the pupil was of the Argyll-Robertson 
type. The pupils were normal in but 10 of the 24 cases. 

WASSERMANN REACTION 

The Wassermann reaction on the blood was obtained in 42 of the 
necropsies. In 25 it was positive, in .7 suspicious or moderately positive, 
and in 10 it was negative. In percentages the figures are: 59.5 per 
cent, 16.6 per cent, and 23.8 per cent, respectively. The percentage 
of positive reactions is lower than is found in much of the literature. 
Twenty -three per cent of negative Wassermann reactions need cause 
little surprise when it is recalled that this reaction is not positive at all 
times in cases of proved syphilis. The difficulty is that there is too 
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often a tendency to doubt the diagnosis of cardiovascular syphilis be- 
cause the Wassermann reaction is negative. A positive reaction si I - 
ports the diagnosis, but if negative the diagnosis should remain un- 
shaken if indicated by other evidence. 

As in other conditions due to syphilis the history oi having \w 
this infection is often negative. Nino of the patients in the senes of 
24 necropsies admitted a chancre; an average of 2a years had elapsed • 
since the. occurrence of the chancre. 

The question is sometimes raised if it is not desirable to do a lumbar 
puncture and obtain a Wassermann test on the spinal fluid in those eases 
in which the test, is negative on the blood. In my opinion such a 
procedure is both unnecessary and places too much importance upon 
the Wassermann reaction. As stated above, a diagnosis of eardio\ os- 
cular syphilis should not be abandoned merely because tin* AN asscrniaim 
reaction on the blood is negative, li the data as a whole indicate the 
presence of cardiovascular syphilis, treatment should he administered 
at least to the extent, of an adequate therapeutic test. If a positive 
reaction were obtained on the spinal fluid, this does nol, of course, 
prove the presence of cardiovascular syphilis; syphilis of Iho central 
nervous system may be present. The diagnosis of cerebrospinal syph- 
ilis is not germane to this article. 

It need hardly be said that the Kahn or Hinton modifications of Ihe 
Wassermann reaction should he made use of; they will probably give 
a somewhat, higher percentage of positive reactions if syphilis is present. 

ROENTGEN RAY FINDINGS 

Roentgen ray examination offers further data of value in diagnosis. 
It is, however, inconsistent, with our knowledge of the pathology of 
cardiovascular syphilis to believe that in early cases evidence of its 
presence can be disclosed by flic x-ray. How can one expect that some 
perivascular infiltration or a few plaques in the aortic, wall can be 
detected by the roentgen ray? In sufficiently advanced eases, how- 
ever, roentgen ray examination is very helpful, often giving the first 
definite evidence of the presence of cardiovascular svphilis The radi- 
ologist failed, nevertheless, to make the correct diagnosis in five eases 
m this series m which the lesions were advanced. When one is familiar 

with the complexity of the differential diagnosis, these failures need 
cause no surprise. 

The aotolb of the roentgen ray findings have been well described 
■ ' a,ld “Uicrs and will not be repeated here. 

ELECTROCARDIOGRAPHIC FINDINGS 

3i °t. s,iow «*<»»*» m. 
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was found in the tracings taken in 34 patients 18 clinically diagnosed 
to have syphilitic heart disease. However, a recent study 13 of 50 pa- 
tients with cardiovascular syphilis disclosed the following: the T-wave 
was abnormal in 85 per cent of the 16 patients having aortic insuf- 
ficiency and in 20 per cent of these the T-wave was of the coronary 
type. In the 34 patients without the aortic leak the T-wave was ab- 
normal in but 38 per cent, and only one case (7 per cent) showed a 
wave of the coronary type. The prognosis was much more unfavorable 
in the patients with the abnormal T-waves. 

Table IV 


Signs 


Average weight of heart* 

fin 5 grams 

Enlarged heart* 

91.6 per cent 

Aortic insufficiency* 

Presentl 

66.6 per cent 

Absentf 

33.3 per cent 

Systolic murmur* 

75.0 per cent 

Diastolic murmur 

47.4 per cent 

Aortic cusps adherent to aortic wall! 

24.3 per cent 

Diastolic murmur* 

i 66.6 per cent 

Transmitted to apexf 

50.0 per cent 

Transmitted toward neekt 

6.2 per cent 

Aortic second sound* 

Accentuated 

20.S per cent 

"With aortic insufficiency 

Accentuated 

12.5 per cent 

Masked 

12.5 per cent 

TInmentioned 

75.0 per cent 

Corrigan pulse, with aortic insufficiency* 

Present 

68.7 per cent 

Absent 

31.3 per cent 

Pupils 

Abnormal 

58.7 per cent 

Irregular 

29.2 per cent 

Unequal 

25.0 per cent 

Sluggish 

20.8 per cent 

Argvll-Kobertson 

12.5 per cent 

Wassermann reaction 

42 cases 

Positive! 

59.5 per cent 

Suspicious! 

16.6 per cent 

Negative! 

23.8 per cent 


* Percentage applies only to final group of 24 necropsies. 
fPercentage applies to topic below which this item is indented. 


In my opinion it seems best to consider abnormalities in the electro- 
cardiogram to be indicative of the presence of cardiac disease, but not 
of the etiology of the latter. Thus, one finds electrocardiograms depict- 
ing various degrees of heart-block, bundle-branch block, auricular fibril- 
lation, etc., in cases proved by necropsy to have cardiovascular syphilis, 
but the diagnosis of syphilis as the causative factor cannot be determined 
from the electrocardiographic findings. ‘When these latter are cor- 
related to the data, obtained by the other methods of clinical and lab- 
oratory examination, they may be decided to be of luetic origin and 
contribute much to the understanding of the case. 
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DISCUSSION 


The presence ol cardiovascular syphilis was diagnosed dintany in 
43 of the entire series of T8 necropsies; in 3d it -was not. In U of t ■ 
latter the lesions were of an advanced degree. T nas, 1( ’ n, <1< 
nre to diagnose the disease in 44 per cent, and m 34 pci cent of tl 
failures the condition was in an advanced state. 

The first, essential in the diagnosis of cardiovascular syphilis is that it 
be considered as one of the possible diagnoses in any adult in whom 
cardiac disease is deemed to be present. The more or less recent recog- 
nition of the necessity of determining the type of heart disuse, i.e., 
rheumatic, hypertensive, syphilitic, etc., is proving ol value in the de- 
tection of those cases in which cardiovascular syphilis exists. The 
modern clinician is no longer satisfied with the diagnosis of myocarditis 
as a complete statement, of the condition that may he present; some 
of these are instances of cardiovascular syphilis in which the myocardial 
changes are but one feature. 

Every case affected by syphilis is one of potential heart disease. 15 ’ 
The term potential heart disease is applicable here as it is in those who 
have had one of the rheumatic group of infections, such as rheumatic 
fever, chorea, or tonsillitis. The interval between the primary stage 
of syphilis and the onset of clinical disease of the heart and aorta is, 
of course, much longer than that, usually elapsing in the case, of rheu- 
matic heart disease. 


DIFFERENTIA L 1)1 AO XOSIS 

The presence of cardiovascular syphilis is the more probable if other 
conditions can he excluded as the cause of the abnormal symptoms 
and signs pci tabling to the circulation. Such conditions as nonspecific 
aortitis, arteriosclerosis of senescence, hypertensive heart disease, rheu- 
matic heart disease, pulmonary tuberculosis, mediastinal tumors, and 
perhaps some cases of tabes dorsalis are among the more significant 
diseases from which cardiovascular syphilis must he differentiated. The 

diagnosis W bccn sufficiently discussed else- 


►JumiUilU 1 


The symptoms and signs of cardiovascular syphilis are discussed 
An analysis was made of 61 clinical eases and 73 neerop es ^ 

limited to the cases proved post-mortem are presented 
The average age at death was 47 9 years TW™ , , 0 

** only 2 aWc seventy ' clT "" 

Males outnumbered the females in tl.c ratio of 5.5 to 1 
I he syphilitic lesions were assoriatrwi i • 
disease of the heart in 43 pee cent of the n<mSyphililic 
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Symptoms of the disease were absent in about one-quarter of the pa- 
tients in whom the disease was disclosed at necropsy. 

Pain was present in 28 per cent. It conformed to the syndrome of 
angina pectoris in but 4 per cent. 

The mouths of the coronary arteries were partially occluded in 10 
patients; none of these had angina pectoris, and 8 were without pain 
of any sort. 

Neither the presence nor the character of the pain could be related to 
the condition of the coronary arteries or of the aorta. 

The coronary arteries were normal in 58.3 per cent of the series of 
24 necropsies. 

Shortness of breath was common after the onset of congestive failure 
of the heart. 

The symptoms of weakness, hoarseness, dysphagia, and fever were ab- 
sent or were present in a negligible number of these patients. Hoarse- 
ness of the voice was noted in but one of seven cases of aneurysm in- 
volving the transverse portion of the aortic arch. 

The duration of the symptoms rarely exceeded a few months in the 
necropsy cases; it was somewhat longer in the clinical series treated 
as out-patients. From these latter there is presumptive evidence that 
adequate therapy may relieve symptoms and prolong life. 

The manner of death was that of progressive failure of the heart in 
79 per cent of the series of 24 necropsies. In 4 of these the actual death 
was sudden. 

The heart was enlarged in 22 eases, or 91.6 per cent, of the 24 
necropsies. This enlargement was present in the absence of aortic in- 
sufficiency in 7, or about one-third of the group. The average weight 
of the heart was 555 gm. 

Increase in the supracardiae dulness and other findings above the 
heart are common, but too often not recorded in the physical examina- 
tion. 

A systolic murmur over the preeordia or more localized at the apex 
or base is common. That at the base is not due to roughening of the 

The diastolic murmur of aortic insufficiency was noted in 4 l 4 per 
cent. In 50 per cent of the 16 aortic regurgitant cases in the series of 
24 necropsies the diastolic murmur was transmitted to the apex, 
aortic valve. 

This diastolic murmur may be inconstant, in its presence in its earlier 
stages. Its detection sometimes requires painstaking auscultation. 

Aortic insufficiency was recognizable in half again as many cases as 
were evident at post-mortem, and in at least three-fourths of the cases 
(murmur present in life) the regurgitation could not be attributed to 
lesions of the valve. The insufficiency of the valve is best explained 
as due to yielding of the muscular ring round the aortic orifice. 
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The apical findings, known as those of Austin Flint, me opcimoim 1} 

aortic second sound may be masked by the murmur of aortic 
JSC ot it may be accentuated in the absence of the murmur 

and even if the latter is present. 

A change in the quality (i.c, a tympanic note), may <»ke P>»« ' 

the aortic second sound, but it is difficult to drficrenliate from tb.it 
found in arteriosclerosis of nonsyphilitic causation. > . 

The Corrigan type of pulse was absent, in 5 of 16 eases of aortic in- 
sufficiency. That such is possible docs not appear to be general y 

recognized. 

There is nothing characteristic of the blood pressure save in the 
presence of aortic insufficiency. 

Careful physical examination may detect evidence suggestive of syph- 
ilis elsewhere in the body. 

The "Wasscrmann reaction was negative in 10, or 23.87 per cent, of 
the 42 eases in which it was recorded. 

The roentgen ray findings are very important aids in the diagnosis. 
It is unreasonable, however, to expect that the slight lesions in early 
eases of cardiovascular syphilis can be detected hv the roentgen ray. 
In advanced cases the differential diagnosis from nonsyphilitic condi- 
tions may be difficult or impossible solely from Ihc roentgen ray find- 
ings. 

The presence of cardiovascular syphilis was not. diagnosed in 44 
per cent of this series, although the subsequent necropsy disclosed ad- 
vanced lesions in one-third of these failures. 

About one in five of the cases in which the syphilitic lesions were of 
advanced degree remained undiagnosed in life. 
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DISCUSSION 

Hr. Alexander Lambert, New York, N. Y.- — I would like to ask Dr. Reid to 
explain his differentiation of pain of the coronary type and the noncoronary type 
in syphilitic disease. Pain in coronary disease is known to be three and one-lialf 
times as frequent in the hypochondria and epigastrium as in the chest and down 
the left arm. 

Hr. Win. D. Reid (closing). — If I understood Dr. Lambert rightly he asked for 
more details as to how we separate pain called angina pectoris from the other 
group. There is a large degree of the personal equation of whoever answers this 
question; classifications of angina differ considerably'. Angina pectoris is closely 
related to exertion and is relieved by nitroglycerin. The pain is of short duration 
and has a ty-pical radiation. In the other group the pain is not particularly under 
the sternum, is not related to exertion, and is of longer duration. A woman can 
do her housework all day without pain and have the pain at night. When the 
Wassermann reaction is negative, it does not mean that the cardiac condition is 
not due to syphilis. Dr. Hinton, of Boston, is working on a modification of the 
blood Wassermann which •will be much more specific, and it is hoped make it un- 
necessary to test the spinal fluid. However, we must not rely so much on the 
Wassermann as on the general picture. 



THE DIFFERENTIATION OF SYPHILITIC ^"NOTIONAL 
AND OTHER FORMS OF AORTIC INSUFFICI 


Leslie T. Gager, M.D. 

Washington, D. C. 

TN THE degree that a disease is endemic, its diagnosis is likely to 
1 become deceptively easy. Where acute rheumatic fever prevails as 
the chief cause of heart disease, as in New York and New England, 1 
is natural, in relation to aortic insufficiency, to think first of this etiologic 
agent. In Washington 10 and further south, as syphilis, especially in the 
negro, 16 comes to equal and surpass other infections in producing the 
cardiovascular lesions of early and middle adult life,t there results a 
distinct diagnostic leaning toward this disease. 

Inferences based on probabilities are often correct : in spite of her age, 
the diagnosis of syphilitic aortitis was made in a seventeen -year-old 
negro girl with aortic insufficiency (there was a positive Kahn test and 
no rheumatic history) and confirmed at necropsy. But in other patients, 
in whom the diagnosis of syphilitic aortic insufficiency had been made, 
or seriously considered, this etiology was disproved, and some of these 
problems of differential diagnosis I wish to discuss and illustrate. 

Under the title of true and false aortic insufficiency, Barie, 2 in 1S96, 
presented an extensive review of the subject, much disputed since 
Corrigan, 6 of the differing modes of origin and meaning of diastolic 
murmurs arising, if not always heard, at the base of the heart; and 
bis classification remains so useful and practical a guide that I have 
followed it in the accompanying schema. His views, indeed, Barie 
defended in 1923, when interest, in functional aortic insufficiency had 
been renewed by a series of case reports. 3 ’ 13> 14 

Of these five groups of possible signs or simulations of aortic in- 
sufficiency, the last four, while of much interest, must be rapidly dis- 
posed of here. 


The diagnosis of aortic insufficiency without the diastolic murmur 
has not often been made, though frequently in hyperthyroidism and not 
rarely m hypertension, a high pulse pressure suggests the search for 
i egurgitation. Dumas/ however, has recently reported an example, 
proved by necropsy, m which the recognition was based on high pulse 
and differential pressures and loss of the aortic second sound The 
Gmical observations of Fiirbringer, Leyden and Litton are cited by 

Medicine! DePaTtment of Medicine. George Washington University School of 


Wash i n st on ” *i n ' " 9 ° 2 9 * ' S there cn sp? dl f iS 1 i<mS t0 - the Children’s Hospital 

rheumatic heart atom, („.« per oent,?"'™ .yXllifif KaVTafSs? 
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Baiie, who quotes Leube s opinion that in advanced insufficiency the 
valvulai alterations might be so great as to prevent the vibrations neces- 
sary to produce a murmur. 

Propagation of the aortic diastolic murmur from base to apex or 
beyond, or to the region of the xiphoid process, dependent on pre- 
dominant lesions of the posterior cusps or other factors, has become a 
familiar observation. 

The suspicion of syphilis aroused by an accentuated, bell-like or drum- 
like aortic second sound (Potain’s bruit de tabourka) may be 
heightened when a coincident whiff or short diastolic murmur is audible. 
But the underlying changes in the root of the aorta need not be 
syphilitic . 1 These signs, in a hypertensive patient with a history of 
chancre, aortic dilatation and a positive 'Wassermann reaction and a 
temporarily ( favorable response to the therapeutic trial of a few small 
doses of neoarsphenamine, were subsequently found to be associated 
with simple atheromatosis and unchanged valves. Austin Flint 9 de- 
scribed this “aortic diastolic non-regurgitant murmur,” which is char- 
acteristically linked with a systolic aortic murmur and is entirely an 
arterial phenomenon . 2 - 1 But a diastolic murmur may be frankly audible 
at the base or along the sternum, and its seat of origin be not at all 
clear, just as its intensity is notoriously independent of extent of lesion 
or amount of regurgitation. 


Table I 

Classification of Aortic Insufficiency 

I. With a basal diastolic murmur. 

A. True insufficiency. 

1. Malformation 

2. Trauma 

Valve lesions due to 3. Endocarditis 

4. Syphilis 

5. Sclerosis 

B. Functional (relative) insufficiency. 

Dilatation of aortic ring, without valve lesion. 

1. Dilatation of aorta, e.g., by hypertension. 

2. Dilatation of left ventricle: anemia, failure. 

3. External traction: adherent pericardium. 

II. With accentuated aortic second sound obscuring a diastolic murmur, or 
coinciding or alternating with it. 

Due to atheromatous, and usually dilated, aorta. 

III. With an apical diastolic murmur only (transmitted from aortic area). 

IV. With no diastolic murmur audible (peripheral signs only). 

V. Pseudoinsufficiency (with a diastolic murmur arising elsewhere than in the 
aortic area: pulmonic insufficiency [Graham Steele]; septal detec ; 
accidental). — 


A man of twenty-eight years, who has had no intimation of heart disease and 
who denies both rheumatic and syphilitic infection, though the blood Wassennann 
test is four plus, has come under observation following an hemoptysis. The lungs 
are clear. Aortic dulness is not widened, but both to right and left the heait is 
greatly enlarged. Over the precordium is a long systolic thrill, and a harsh 
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systouc — * >»« - 

In the same area is heard a smooth lug! 1 .^tern's, 1GO/GO 

rjsr-w - - 

fingers. 

Is this syphilitic aortic insufficiency or a sepia) defect? In all 
diameters fluoroscopy shops an undiluted aorta. The tdobnlar heart 
measures 17 cm. in transverse diameter, with chest, uulth - ) cm. 
electrocardiogram shows no ventricular predominance. 

Pulmonic insufficiency is usually set apart hy the piesenee oi initial 
stenosis and the absence of ventricular hypertrophy and peripheral 
signs of aortic insufficiency, but Holt 12 has shown the difficulty of 
differentiation that may arise. In her patient, with a large heart, mitral 
stenosis and terminal pneumococcus endocarditis, an adherent peri- 
cardium was found at necropsy, the same condition which Imnbry and 
Doumer 13 found associated with dilatation of the left ventricle and 
relative aortic insufficiency. In such eases, the possibility exists of 
external traction and deformity of the aortic ring; protrusion of the 
septal wall into the ventricle with elevation of a cusp has been sug- 
gested, 4 while the important factor of ventricular dilatation in throw- 
ing strain on the aortic vestibule and orifice is shown hy the following 
patient : 


A negro ronlo, aged forty-one years, was admitted to the hospital with fever 
and weakness. Eight weeks before admission his tongue had become covered with 
white patches, a blood Wasscrmann test was found positive and several intravenous 
injections were given. 

In addition to an intense stomatitis, examination revealed marked carotid pulsa- 
tions, a greatly enlarged heart and a blowing diastolic murmur to right and left of 
sternum in the second interspace. The blood pressure was 12S/H-1 mm. The 
diagnosis seemed obvious until the sudden onset of hemiplegia brought up the ques- 
tion of bacterial endocarditis. The necropsy revealed a normal aorta and intact 
aortic valves; both ventricles were enormously dilated and on one mitral cusp was a 
large fresh vegetation. Staphylococci were recovered from the heart’s blood. 


Goldstein and Boas 11 have linked the functional diastolic murmur oc- 
curring hi severe anemia with the presence of cardiac dilatation, and 
this has been my observation in two recent cases, while in a man whose 
hemoglobin, before liver extract was given, had dropped to 9 per cent 
there was neither cardiac embarrassment nor murmur. 


inconstancy is frequently a characteristic of the functional basal 
diastolic murmur. An instance of its modification by change in nosi- 
Bon of the patient is of interest : ‘ 


A negro male of about thirty years was irbniHWl ,, 
pleurisy with effusion and was tapped Without ' C "l 6 " 8 ° f tuboreulm,R 

circulatory disease, and a uegati^ Wassermann test ' tl i°' penpl J cral ovk1cncc of 
diastolic murmur at the base of ihn i t . .. . ’ ^ 119 n,an sbo "’cd a distinct 

— p-ta, ■" * .<*• 



110 


THE AMERICAN HEART JOURNAL 


How shall such a murmur he explained? Potain noted a soft circum- 
scribed murmur in a tuberculous patient whose aorta and valves were 
later found normal (cited by Barie). In such patients as these, 
mediastinal adhesions between aorta and chest wall are not beyond 
possibility. Barie considered murmurs of this description to be acci- 
dental, cardiopulmonic, possibly venous in origin, and often definitely 
associated with anemia. 

Hypertension, both transient and persistent, bears an important causal 
relation to functional aortic insufficiency. The appearance of a diastolic 
murmur with an attack of bronchial asthma was noted by Fleckseder 8 ; 
in Vaquez’s 19 patient, a man with hypertension and angina pectoris, 
aortic insufficiency appeared during a severe attack of pain and disap- 
peared with its recession. 

Numerous observers 2, 3i l3 ’ 14 ’ 15 > 19 have noted the association of aortic 
dilatation and relative aortic insufficiency with chronic hypertension or 
granular kidneys. The salient features of three such examples follow: 

A male, aged thirty-two years, was sent to hospital from the heart clinic, because 
of fatigue and dyspnea, with blood pressure 26S/17S mm. He was rather well 
nourished, only slightly anemic, showed a faint trace of albumin in the urine, and 
had a negative blood tVassennann reaction. Retinitis appeared; the urea nitrogen 
increased from 29 mg. to 1S8 mg. per 100 c.c. of blood, and death occurred in six 
weeks. There was constantly present a loud blowing diastolic murmur in the second 
right interspace and down the left border of the sternum. At necropsy, the aortic 
ring was distinctly dilated, and there was well-marked atheromatosis, but the valves 
were only slightly thickened. 

A man, aged sixty-eight years, with dyspnea and pain of aortic distribution, 
showed moderate peripheral arteriosclerosis, a rather large heart, some dilatation 
of the aorta, and a blood pressure of 240/130 mm. There was a booming aortic 
second sound, and a high pitched murmur occupying most of diastole was heard 
in the second right interspace, down both sides of the sternum and also outside 
the apex. Post-mortem study, after rupture of a dissecting aneurysm, showed the 
aortic orifice dilated, with no valvular disease and only slight sclerotic changes in 
the intima of the aorta. 

A laborer, aged thirty-nine years, recently came under observation complaining 
of palpitation, breathlessness and cramps in the legs. His blood pressure was 
230/150 mm.; aortic and cardiac dulness was increased, and a long basal diastolic 
murmur was present on both sides of the sternum and transmitted down its left 
border. There was a history of chancre at twenty-five years, but the blood Wassei 
mann test was negative. While syphilis was not excluded, it was felt that the high 
diastolic pressure was strong contrary evidence. 

Of the less common causes of valvular lesions, fenestrated cusps® and 
other anomalies 17 ma.y cause insufficiency or aid in dilatation of the 
ring. Rupture of a cusp following heavy lifting was seen in a young 
syphilitic negro, with a rough double thrill and murmur at the base. In 
an ex-prize fighter of thirty-four years, apparently healthy and an ap- 
plicant for insurance, a fairly harsh aortic diastolic murmur was unex- 
pectedly discovered. Rheumatic and syphilitic infections were denied, 
and his wife has had four healthy children. Sclerosis of the valves, 
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without antecedent hypertension, I believe to be rave, m sprte 
senescent dilatation of the aorta 5 ' 18 as an accessory factor. 

In summary, in the course of studying aortic ‘ 

diastolic murmurs under conditions, such as race, ago, sex and climate 
which make syphilis the outstanding etiologic factor, exceptions bate 
been found frequently enough to show a plurality of causes and mecha- 
nisms. Not the least interesting finding has been that of relative nor m 
insufficiency. Differentiation requires avoiding a diagnostic lnas an 
giving attention to the whole clinical picture. 
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nr. F. X. wagon, Ann Arbor, Midi.— I should like to point out that the dm 
portance of any condition depends upon its frequency. Of the cases of aortic 
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I have never seen an instance of aortic insufficiency which I could attribute with 
confidence to functional dilatation of the aortic ring, nor have I ever seen an acci- 
dental aortic diastolic murmur. I do not question that both occur, but I believe 
that they are very rare. 

The great majority of the cases of aortic regurgitation in which pronounced 
vascular signs occur are luetic. Another sign that should lead one to suspect luetic 
involvement of the aorta is the presence of palpable pulsation when the lingers are 
placed upon the cricoid cartilage. The heart beat cannot normally be felt at this 
point. I believe that the change in the aortic second sound which occurs in luetic 
aortitis differs from that which occurs in hypertension and in arteriosclerosis, and 
I believe that this difference is due to the dilatation of the first part of the aorta 
in luetic aortitis. The arteriosclerotic aorta is lengthened rather than dilated, and 
the quality of the second sound is different. 

Dr. Lee, Washington, D. C. — I think Dr. Wilson’s remarks are well taken. The 
burden of proof belongs to those who have to show that it is not an organic condi- 
tion. We do sometimes have functional diastolic murmurs. One old lady had an 
atheromatous condition with a typical long diastolic murmur after severe fits of 
coughing, with stress on the circulation which, however, was not present at other 
times. Sometimes these cases are temporary, sometimes permanent, but they are 
rare. 

Dr. H. S. Feil, Cleveland, Ohio. — Some years ago I studied the subclavian pulse 
in a large series of aortic cases. Registration was made by means of the optical 
sphygmographic method of Wiggers. It was found that the pulse in luetic aortic 
insufficiency was characteristic. When ejection was free, the case was usually 
luetic, while with evidence of stenosis the pathological lesion was rheumatic or 
sclerotic. 

Dr. Gager (closing). — I do not wish to leave the impression that in the majority 
of instances the aortic insufficiency of adults which I see in Washington is not 
syphilitic. But every now and then occur these exceptional cases of aortic insuffi- 
ciency which, because specific aortitis is common, may be diagnosed as due to 
syphilis when some other condition is responsible. It is the practical importance, 
for prognosis and treatment, of keeping in mind and recognizing these various 
possibilities, as well as the interest of the differential diagnosis, that I would 
emphasize. 



A STUDY OF THE COURSE OF SYFHU/ITIC 
C All DIO V ASCII OAK D1SE A S i'A 

Fuuduh’K A. \V iUjU'^. M.D. 

KocnKSTi'.u. AIixk. 

nnlilS study was undertaken to obtain data relatiie to the dm.ithm 
1 of life of patients with cardiovascular syphilis. 1 have won li- 
able to find definite information regarding this point in the nmdiea 
literature. Studies of this type arc of considerable importance as l ic\ 
permit the substitution of relative quantitative values for uncertain 
clinical impressions. They may be said to represent the life <*ycJc <> 3 
disease. 
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This investigation comprised 300 men seleeted from a group oi 000 
patients with cardiovascular syphilis. Cases were included in the study 
only if the following factors were present: (3) an accurate history of 
the time of onset of syphilis, (2) the presence of syphilitic cardio- 
vascular disease, and (3) t he exact date of and the mode of death from 
cardiovascular disease. The strict adherence to these criteria, which was 
necessary in order to obtain reliable data, account for the relatively 
small series. The patients were all males. To obtain accurate histories 
of the time of onset of syphilis in women is difficult. This is partly 
the result of their reluctance to confess that they know the time of 
onset and in part to the fact that there are greater possibilities of fail- 
ure to recoguize the existence of a primary syphilitic lesion in a woman 
than in a man. 

The eases were grouped according to the type of lesion as determined 
by clinical methods of examination. The diagnosis of the type of 
lesion is presumed to be as accurate as clinical methods will permit. 
In addition to a complete general examination and routine labora- 
tory investigation the patients were all subjected to roeutgenographie 
study of the heart; electrocardiograms were taken of all, the AYasscr- 
mami reaction of the blood was determined in all eases, and of all 
but six, studies of the spinal fluid were made. Detailed neurological 
investigation was conducted whenever it was thought necessary 


UlJiO 


The cases were grouped as follows: (1) syphilitic aortitis, (2) sypl,. 
ilitie aortitis with aortic insufficiency, and (3) thoracic aneurysm. ' 

Syphilitic Aortitis .— Seventeen cases comprised this group The 
222* **• * th ° paticnts at «* that syphilis was contracted was 
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thirty-one years. The earliest age was nineteen years, and the latest 
age recorded was fifty-three years. 'The average age at which these 
patients died of cardiovascular disease was fifty-four years; that is, an 
average of twenty-three years elapsed from the onset of syphilis to the 
time of death. Seizures of cardiac pain occurred in three cases and 
these were the only instances in which sudden death occurred. The 
"Wassennann reactions of the blood were positive in 65 per cent of 
the cases. Examinations of the spinal fluid were carried out in four- 
teen eases and in only two the reaction was positive. Syphilis of other 
systems of the body was demonstrated in 24 per cent of the cases. Im- 
portant alterations in the electrocardiogram occurred in twelve cases 
(71 per cent). Significant T-wavc negativity occurred in eleven cases. 
Two instances of auricular fibrillation were observed. The relatively 
rare association of auricular fibrillation and aortic disease has been 
emphasized on numerous occasions. 

Syphilitic Aortitis With Aortic Insufficiency . — This group comprised 
fifty -nine cases which uniformly presented advanced cardiovascular in- 
volvement. The average age of occurrence of the primary syphilitic lesion 
in this group was twenty -six years, five years earlier than in Group I; 
the youngest patient was aged sixteen years and the oldest, forty-nine. 
Death from cardiovascular disease occurred at the average age of forty- 
nine years ; this is an average period of twenty-three years from the in- 
ception of the syphilitic infection. Painful cardiac seizures occurred in 
fifteen (25 per cent) of the cases, and in eight of these death occurred 
suddenly. The Wassermann reactions of the blood of 68 per cent of 
the patients were positive. In fifty-six cases studies of the spinal fluid 
were made; eleven were positive. Associated syphilitic disease occurred 
in seventeen cases. Eleetrocardiograiihic abnormalities of importance 
occurred in thirty-seven cases (63 per cent). Significant T-wave neg- 
ativity, as in Group I, was the predominant graphic characteristic. It 
occurred in thirty -three cases. There were two cases of complete heart- 
block, one of delayed auriculo-ventricular conduction, and one of com- 
plete right bundle-branch block. Only two cases of auricular fibrilla- 
tion occurred. 

Thoracic Aneurysm . — In twenty-four cases, thoracic aneurysm was 
present. The aortic arch and ascending aorta were involved in twenty- 
two eases, whereas there was aneurysm of the descending aorta in two. 
Patients in this group had contracted syphilis at the average age o 
twenty-seven years. The earliest age of infection was nineteen jcais 
and the latest, forty years. The average age at which death occurre ^ 
from cardiovascular disease was fifty-three years, twenty-six years a tei 
infection. The average period of duration is comparable to those of t le 
other groups. Painful cardiac attacks occurred in ten cases (42 pei 
cent). Sudden death occurred in all but four cases, and in most o 
them it occurred presumably from rupture of the aneurysm. The lug ’• 
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duetion was found m one case. 

DISCUSSION* 

Although the number of cases comprising tins study is relatively 
small, the data derived from them are probably iairly reliable and 
representative of Ibe course of cardiovascular syphilis. _ 

The relatively long periods of apparent latency that occur m s\phus 
have been emphasized by many writer on the subject. In beeping with 
the observation, a relatively long average period of time elapses from 
the initial syphilitic infection until death occurs from cardiovascular 
involvement." Even though this period is relatively long, death occurs 
considerably earlier in life than the ago at which death would he 
anticipated in normal persons. 

It was not possible to draw any definite conclusions concerning the 
influence of treatment on the course oi the disease. !Much <d this in- 
formation could he derived only by inquiry, and in many of the oases 
it was so inaccurate and uncertain as to he ot no value. 
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Summary or Data 



CASES 

AVERAGE AGE OF 
OCCURRENCE OF 
SVMIIUS, YEARS 

AVERAGE AGE AT 

TIME OF DEATH 
FROM CARDIO- 
VASCULAR DIS- 
EASE, YEARS 

AVERAGE DURA- 
TION OF COURSE, 
YEARS 

Group I, syphilitic aortitis 

17 

31 

54 

23 

Group II, syphilitic aorti- 
tis with aortic insuffi- 
ciency 

o9 

2(i 

49 

23 

Group III, thoracic 
aneurysm 

24 

27 

53 

20 















THE DIAGNOSIS OF SYPHILITIC AORTITIS WITH NEGATIVE 
WASSERMANN REACTIONS® 

Samuel A. Levine, M.D. 

Boston, Mass. 

'T’HE clinical diagnosis of syphilitic aortitis is often difficult and 
-*■ sometimes impossible. This is particularly true under certain cir- 
cumstances. There are three conditions which enable us either to sus- 
pect the diagnosis or at least to avoid overlooking it. These are thp 
presence of a definite aneurysm of the aorta, made out either by 
physical or x-ray examination, the finding of aortic insufficiency or 
the presence of a positive Wassermann reaction in the blood. The 
occurrence of anj r one of these three findings should be sufficient to 
focus our attention on syphilis as the possible underlying factor in 
any cardiovascular case. The purpose of this brief review is to find 
how frequently the above criteria are absent izz proved cases of syph- 
ilitic aortitis and to see whether there are any means available for 
recognizing the> condition at the bedside. An analysis was, therefore, 
made of all the eases of syphilitic aortitis that came to autopsy at the 
Peter Bent Brigham Hospital. There were forty such cases available 
for this study. 

Of the 40 proved eases of luetic aortitis 12, or 30 per cent, had nega- 
tive Wassermann reactions in the blood. The number of blood tests 
varied from one to three and in no ease was a provocative test done. 
All the Wassermann reactions were carried out under the same stand- 
ard conditions. A few cases were considered as positive although the 
test at the hospital was negative, because it was known that at some 
previous time the test had been positive. It is clear that we must be 
ready to diagnose syphilitic aortitis even in the face of a negative 
Wassermann, for in 30 per cent of the cases the test failed to give the 
desired information. It is believed by some, and there is evidence to 
support the view, that this percentage would be further diminished if 
provocative tests were carried out. 

As has been mentioned above, the finding of an aortic diastolic mur- 
mur indicating aoi’tic regurgitation should direct our attention to 
syphilitic heart disease. This is especially ti-ue when it is found in in- 
dividuals around the age of forty or over. The two other conditions 
in which aortic regurgitation frequentty occurs are rheumatism and 
arteriosclerotic hypertensive heart disease. In general, it may be said 
that aortic insufficiency occurring in individuals' under forty years of 

*From the Medical Clinic of the Peter Bent Brigham Hospital, Boston. 
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the absence o£ obvious well-marked hypertension, is apt to 
rheumatic in origin. There wore three eases, however, tlnrtj-c,„ 


age m 


and thirty-nine years old, in this series in which syphilitic aortitis w.lh- 
out aortic insufficiency was present. If the series w ci e lai gu , 
instances would have been found of comparatively young patients 
with luetic aortic insufficiency. The problem of distinguishing rheu- 
matic from syphilitic aortic insufficiency becomes increasingly difficult 
at. times because of the frequency of the negative past history of syph- 
ilis in the syphilitic cases and of a negative rheumatic history in t ic 
rheumatic cases. In this connection it is helpful to uncover evidence of 
stenosis of either the mitral or the aortic valves, for when such (Hid- 
ings are made out, one may bo quite certain that the condition is lhcu- 
matic and not syphilitic. There was no instance of stenosis of the mitral 
or aortic valves in these 40 eases and although such a case might be 
found, it must be a rare occurrence. There were 17 cases showing 
definite aortic regurgitation. This means that in somewhat more than 
half of our patients the syphilitic process in the aorta did not extend 
to the valves, which remained competent. The inference, however, may 
well be made that any patient forty years old or over who has aortic 
insufficiency and no stenosis of any of the valves should be regarded as 
possibly syphilitic. 

The discovery of a definite aneurysm of the aorta as distinguished 
from a slight dilatation of the aorta so frequent in hypertension should 
be considered as a positive evidence of syphilis. At times the distinc- 
tion between a true aneurysmal formation and a diffuse dilatation of 
the aorta is not simple. Careful x-ray examination is extremely valu- 
able in making this differentiation. There were 37 cases showing evi- 
dence of aneurysm at autopsy. In only 32 of these cases was the diag- 
nosis of aneurysm made clinically. In 7 of these 17 there was aortic 

regurgitation and that was sufficient, to direct our attention to a syphi- 
litic process. 

A careful review of the clinical data of these cases showed that in 
some the diagnosis was quite evident from the findings on physical 
examination. In others, the history of pain in the upper chest or 
suffocation and cough was sufficient to direct our attention to an- 
eurysm 0 f the aorta as the cause of the complaint. There remained a 
’ h ™ ever ; 1B whom tlle aneurysm produced no physical sums that 

the' x i 1 1 aUd n ° Particularly characteristic symptoms*. Here 

the x- ay examination was practically the only means of detecting the 
underlying condition. A more liberal imp .. , _ ° ' le 

"2“ °' the a0rt “ ttat bo overload. ° f 

The past history of syphilitic infection was of • , 
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of syphilis or sufficient related features to make one suspect that the 
patient was luetic. Iu this connection the finding of Argyll-Robertson 
pupils or characteristic changes in the spinal fluid is most important. 
It follows from this that in a little less than one-half of the cases, the 
history itself might direct our attention at a proper diagnosis, but that 
in the other half no such aid in the history would be obtainable. It is 
very questionable how much real help one obtains from the presence 
or absence of a past history of repeated miscarriages. There are so 
many nonsyphilitics who have had repeated miscarriages and so many 
syphilitics who have not. 

It is interesting to analyze more intimately the 12 cases that had a 
negative blood Wassermann reaction. Of these there were 4 that had 
definite aortic insufficiency, two of which in addition had an aneurysm 
of the aorta, and a positive past history of syphilis. Of the other two 
the past history was positive in one and negative in the other. There 
were also 4 of these 12 who had an aneurysm of the aorta and no aor- 
tic insufficiency. Of these 4 the past history was positive in one, nega- 
tive in two, and questionable in the other. There remain 4 cases of 
definite luetic aortitis in this series that showed no evidence of an- 
eurysm or aortic insufficiency and had a negative past history of lues 
and showed a negative Wassermann reaction in the blood. This would 
indicate that in 10 per cent of our cases all of the above distinctive 
features that might direct one’s attention to a luetic process were 
absent.. (Cases 9, 30, 31, and 37.) If cases of the type of the last four 
are to be recognized clinically, the diagnosis will have to be made on 
indefinite evidence of a character that may be regarded as suspicious, 
or more careful interpretation of the x-raj r findings in the aorta and 
possibly on a more liberal use of a provocative Wassermann test. 


HISTORY OF CASES WITH NEGATIVE WASSERMANN 


Case 4. — A fifty-six-year-old white man died having shown signs of definite 
aortic regurgitation and aortic aneurysm. The aneurysm was discovered by x-ra) 
examination. He gave a history of primary infection but the Wassermann vas 
negative on two occasions. 


Case 9. — A forty-five-year-old white woman died of bronchial pneumonia three 
days after entering the hospital. There was no past history of lues and the heart 
examination was negative. Autopsy showed bronchial pneumonia and luetic aortitis. 


Case 11. — A fifty-three-year-old white man died having shown definite evidence 
of aortic insufficiency and aneurysm. There was a positive past history of lues. Th 
Wassermann test was negative on two occasions. The autopsy showed a rupture o 
an aortic aneurysm into the right pulmonary artery. 


• * -f 

Case 15. — A sixty-one-year-old white man entered the hospital complaining 0 
pain and swelling in the right upper quadrant, cough, and dyspnea. There nns a 
questionable old history of lues. Examination showed an enlarged heart, a to an 
fro pericardial friction, a markedly enlarged liver, and signs of pneumonia of 
right lower lobe. Autopsy showed a definite aortic aneurysm and luetic aortitis. 
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01SB 18 . — A Sl«™« «•«» ”, «TJ 
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of tumor of tho hraiu for rvhioh t. « «,,oruto,i 
later. Autopsy showed carcinoma of the l«»Si - 

aortitis, and a small aneurysm of the aorta. 

o. °0 — A tliirtv-vear-old colored wom»» entered the hospital comptai.lw »[ 
cough, weakness, mmson, vomiting, and increasing dyspnea There was 
history of lues, although she had had two miscarriages. The honil «.is « >;' U 
and there was a systolic murmur over the precordium. AYassermann was negative on 
two occasions. The clinical diagnosis was luetic aortitis which was confirmed b> 
post-mortem examination. 


Case 28.-A scvcnty-thrcc-vcar-old sailor entered the hospital complaining of 
dyspnea and scaling eruption of the lower legs. There was a history of lues at 
the age of twenty-three. Examination showed marked evidence of aortic insuf- 
ficiency. Autopsy showed luetic aortitis. 


Case 30. — A forty-nine-vear-old white woman entered the hospital complaining 
of dyspnea. Past history was negative except for two miscarriages. Seventeen 
years previously there were ulcers of both eyes. No history of lues. One year 
ago she had fainting and dizzy spells with increasing dyspnea. Examination showed 
a moderately enlarged heart with no murmurs. There was evidence of old glandular 
tuberculosis of the neck and some involvement of the apices of the lungs. X-ray 
examination showed dilatation of the aorta. Wassermann was negative. Autopsy 
revealed chronic nephritis and luetic aortitis. In this case the x-ray findings ami 
the other secondary features of the case should be sufficient to make one strongly 
suspect syphilis, even in the absence of a positive Wassermann reaction. 


Case 31. — A sixty -year-old white man entered the hospital with lobar pneumonia, 
from which lie died in a few days. Examination of the heart, was entirely negative. 
There was no history of lues and no previous symptoms indicating circulatory dis- 
ease. Autopsy showed lobar pneumonia and luetic aortitis. In this ease the 
syphilitic process was silent and there was no way of suspecting it during life. 

Case 35. A thirty-year-old Italian entered the hospital complaining of weakness 
and dyspnea. There was a definite past history of rheumatic fever but- not of 
syphilis. Wassermann test was negative. Examination showed an enlarged heart 
with signs of aortic insufficiency. During life he was considered as having rheumatic 
heart disease. At autopsy it, was found that lie had luetic aortitis. This presents 
an extremely difficult problem in differential diagnosis. The only wav such errors 
might be avoided is if, on careful x-ray examination of the aorta, additional data 
could be obtained. In rheumatism the aorta remains essentially unchanged whereas 
syi ’ ,uhs irregularities of contour or localized dilatations occur. 

sixt /- four Tear- 0 ld woman entered tlic hospital complaining of short- 
ness of breath and substcrnal pain. There had been two miscarriages and two 
c nidi en died m infancy. Examination showed irregular pupils and onlarrred 1 . .a 
mid increased supracardiac dulness. The left radial pulse was much greatei tlmuThe 
right. Distinct pulsation could be seen in the second wa • a ^ 1 

showed a syphilitic aneurysm of the ascending aorta Jli , *' ’ ^ ?' Auto P a - v 
ventricular wall. Here, despite the negative Wassermuun S, ° n th ° ri « ht 
to make a clinical diagnosis of syphilis of the aorta. ™ dntfl 

dyspnea, palpitation, la, id pTi’nt! thflbdomen™ 1 ^ ^ com P laini “g of 

aotMng — to ::: 
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hypertension, hyperthyroidism, and acute cholecystitis. Pathological examination 
showed well-marked luetic aortitis. In this ease, as in Case 31, it would be difficult 
to make a proper diagnosis in the absence of a positive Wassermann, as there was 
very little to make one suspect syphilis either in the history or on the examination. 

SUMMARY 

In this review of 40 cases of syphilitic aortitis as determined by 
post-mortem examination, the Wassermann reaction in the blood was 
negative in 12 instances. An attempt was made to analyze the means 
we have apart from the Wassermann test that would enable us either 
to diagnose the condition during life, or at least to avoid overlooking 
its possibility. When 'there is evidence of aortic insufficiency or defi- 
nite evidence of aneurysm of the aorta, that should be sufficient to 
direct our attention at lues as a possible cause. The same may be 
said of a positive past history of syphilis and of evidence of syphilis 
of the central nervous system. There remained, however, 4 cases in 
which there was no history of syphilis and no evidence of either an- 
eurysm or aortic insufficiency. Such cases might be diagnosed in life 
by more careful roentgenological study, by an occasional finding of a 
positive Wassermann only 7 after a provocative test, combined with 
other clinical data that in general point to syphilis. 



THE relation op syphilis to hypertension 
(STATISTICAL STUDY)* 

Emmet F. IIokine, M.D., and Mouihs M. YVkisr, M-D. 

Louisville, Ky. 

OATIENTS arc encountered who have syphilis and In pei tension. 

1 What relationship, if any, exists between the two conditions. o 
syphilitic patients exhibit hypertension to a greater degree than non- 
sypliilitic patients? Is the incidence of syphilis greater among hyper- 
tensive individuals than among a group of controls? These arc some 
of the questions that thus arise, and a cursory search of the literature 
reveals confusing statements concerning the etiological relationship. 

The etiological importance of syphilis is stressed by Faught 1 who 
states that “syphilis is well recognized as a cause of hypertension.” 
Stoll, 2 finding that of fifty cases of hypertension, 90 per cent gave 
either a positive Wassermann or luctin test, or were known to have lues 
or to have children with hereditary syphilis, claims that hypertensive dis- 
ease is the most common of the so-called “late” manifestations of 
hereditary syphilis. Brin and Giroux 3 are of the opinion that syphilis 
is one of the principal causes of arterial hypertension. Smith 4 asserts 
that syphilis is often associated with high blood pressure and that 
hypertension is also a frequent corroborative sign in such cardiovascu- 
lar conditions as aneurysm and syphilitic aortitis. Mallei and Toinoir' 
studied 210 hypertensives and found syphilis the only etiological fac- 
tor in thirty cases. 

Contrasted with the opinions just mentioned Pellissier" believes that 
there is no such clinical entity as syphilitic hypertension. Davison and 
Thoi oughmaii in a study of heart disease in the negro race state that 
in their series of cases with combined syphilis and hypertension syphi- 
lis per se had nothing to do with the causation of hypertension any 
more than another toxic or infectious condition might,. Keith, 
Wagener and Kernohan, 8 finding a positive Wassermann only once in 
seventy-five eases of malignant hypertension, believe that syphilis is 
not etiologically important in this condition. Stcinficld, Pfaliler and 
auder 9 state that syphilis apparently plays no part in hyperpiesia, 
especially of the climacteric group. Fishberg™ does not believe that 
syphilis is a causative factor in essential hypertension. 

The incidence of syphilis in hypertension has been variously re- 
5 o loo eXa 7 le M ° E1VOy " I10t<!tl a >’ ositiv<! Wassermann in only 
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cent had syphilis. McLester 13 found a positive Wassermann in 17.5 
per cent of 124 patients with hypertension. It. F. Weiss 14 analyzed 56 
cases of essential hypertension from an etiological point of view and 
found syphilis in 8.9 per cent of the cases. Palmer 15 found no instance 
of syphilis in 81 young male adults with a systolic blood pressure of 
150 nun. Iig. or over. Vaquez 10 found syphilis to he present in 78 of 
100 hypertensive individuals and Amblard 17 found syphilis in 78 per 
cent of his hypertensive patients. In a study of the cardiovascular 
findings in women with syphilis, Arnett 18 found that 8.3 per cent of 
the cases of tertiary syphilis had arterial hypertension as against 5.1 
per cent of the control group. 

Because of such conflicting statements as cited above, a study was 
undertaken of 666 cases of essential hypertension admitted to the 
wards of the Louisville City Hospital from 1925 to 1930. Two thou- 
sand control admissions were likewise studied. A positive Wasser- 
mann was considered evidence of a syphilitic infection; although we 
are well aware that syphilis may be present in an individual with a 
negative Wassermann. No attention was paid to the history alone of 
a primary sore or secondary eruption. Statements of our city hospital 
patients and especially negroes are notoriously unreliable in respect to 
such lesions. We included in our study only those eases which were 
sufficiently complete as to lend themselves to statistical analysis. No 
known cases of secondary hypertension were included. An especial 
attempt was made to exclude cases of chronic diffuse nephritis with 
coexisting hypertension from cases of essential hypertension with vary- 
ing degrees of renal insufficiency. Where a differentiation could not 
be made in a given case, it was not included in the study. Although 
some nephritic hypertensive patients may have been included, they are 
probably too few in number seriously to affect the final conclusions. 

A systolic pressure of 150 mm. Ilg. or a diastolic pressure of 100 mm. 
Hg. constantly maintained was arbitrarily considered the lower limits 
for hypertension. No attempt Avas made to calculate the expected 
average blood pressure from the height, Aveight and age, since all the 
cases had a blood pressure Avell within the hypertensive leA r el. An 
exception to this is a carefully selected group of 68 cases with normal 
or Ioav blood pressure and cardiac enlargement but Avithout any valvu- 
lar lesion present or other factor that might produce the cardiac en- 
largement. We belie A r e that such patients must of necessity fall in the 
hypertensive group eA T en though the previous leA r el of the blood pres- 
sure is unknoAvn. Ophthalmoscopic signs of a preexisting hyperten- 
sion frequently Avill be found. Roentgenologic examination may fur- 
nish suggestive proof of the presence of a previous hypertension 
because of the cardiac silhouette. In addition, impairment of renal 
function or e\ r en uremia may be present. Electroeardiographicalb 
marked left axis deviation and frequently the coronary types of elec- 
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trocnrdiogrnms arc ciicountciTcl lierr, such as avc so oil™ I omul in Ills 
known hypertensive individuals. While tins type ol eleetroe.u <lu,- 
oram does not of itself evidence preexisting hypertension, its P'osem.t 
with an unexplained cardiac enlargement, eve-ground signs and find- 
ings of renal impairment, is suggestive evidence of the previous o e- 
vated state of the blood pressure. In hypertensive cases the develop- 
ment of a coronary occlusion results in a marked low cling ot tin 
blood pressure to normal or even subnormal levels. Furthermore, 
in twenty years of recorded blood-pressure observations we ha \ e 
bad personal opportunity to watch certain patients who first merely 
presented hypertension, latev gradually developed cardiac hypertro- 
phy, still later presented electrocardiographic evidence ol. coronary 
.changes and who, following an acute coronary occlusion or the onset 
of congestive heart, failure, finally showed a marked lowering of the 
blood pressure. The arteriolarsclerotic or primary contracted kidney 
which always evidences a hypertension during the life of the individ- 
ual will be found at autopsy in these eases. We have elsewhere 
reported (December 2, 1920) a selected group of such cases, 1 " 

Of the 666 patients studied, 526, or 79 per cent, had a negative Wax- 
sermann -while 140, or 21 per cent, had a positive serum reaction. The 
group investigated included 369 negroes and 297 whites. Of the 369 
negroes 112, or 30.4 per cent, had positive Wassermanns whereas only 
9.4 per cent of the whites had serological evidence of the infection 
(Table I). The relatively high percentage of syphilis as found in the 
combined group is thus the result of the marked incidence of syphilis 
among the negro hypertensive patients. 

Of a control group of 2000 Wassermann tests on patients aged thirty 
to ninety years in the various clinics and wards of the Louisville City 
Hospital, 25.5 per cent had a positive Wassermann. This compares 
fairly closely with the percentage incidence of syphilis in the liypcr- 
tensive group. Of the negroes numbering 967 in the control group, 
316 or 32.6 per cent had a positive Wassermann (Table II). 

Table I 

Hypertensives Analyzed Accordin g to Wassermann Hkaotion and Pace 


WASS. 


+ 


total 

PER CENT 

WHITE 

PER CENT 

526 

79 

269 

90 5 

140 

666 

21 

28 

297 

9.5 


NEGRO per cent 


25 7 
312 
369 


69.6 

30.4 


Table II 

Control Group Analyzed According to Wassermvnv 
===== — o as. si.i; man.n Reaction ani> Hack 
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The difference in the incidence of syphilis in hypertensive individ- 
uals as noted by various observers thus largely depends upon the 
prevalence of syphilitic infection in the particular class of patients 
studied. SIcLester 13 found syphilis in 17.5 per cent of his hyper- 
tensives, because 16.5 per cent of his patients in general had a posi- 
tive Wassermann. Palmer, 15 studying young college men, found no 
instance of syphilis in those with hypertension and his control group 
was similar, showing a syphilitic rate of only 0.8 per cent. Pellissier 6 
encountered syphilis in 26 per cent of 60 cases of essential hyperten- 
sion in contrast to an incidence of 20 to 22 per cent in the population 
as a whole. 

Table III shows the distribution of cases of our hypertensive group 
according to sex. There was practically no difference in the incidence- 
of syphilis in the sexes of both colors. Of the 392 males, 87 or 22.2 
per cent, had a positive Wassermann as against 53 females, or 19.4 per 
cent. The white males had a syphilitic rate of 8.1 per cent in con- 
trast with the negro male rate of 35.2 per cent and the female whites 
had a positive rate of 11.8 per cent against the female colored group 
with a rate of 24.4 per cent. In the control group the distribution of 
syphilis among the sexes of both the white and negro patients is prac- 
tically the same as in the hypertensive group (Table IV). 

Table III 

Hypertensives Analyzed According to Wassermann Reaction, Bace and Sex 


Males 


WASS. 

TOTAL 

PERCENT 

WHITE 

PER CENT 

NEGRO 

PER CENT 

— 

305 

77.8 

172 

91.9 

133 

64.8 

+ 

S7 

22.2 

15 

8.1 

72 

35.2 


392 


187 


205 




Females 




— 

221 

80.6 

i 97 

SS.2 

124 

75.6 

4- 

53 

19.4 

13 

11.8 

40 

24.4 


274 


110 


164 



Table IV 

Control Group Analyzed According to Wassermann Reaction, Bace and Sex 


Males 


WASS. 

TOTAL 

PER CENT 

WHITE 

PER CENT 

negro 

PER CENT 


756 

70.7 

466 

79.7 

290 

59.8 

■f 

313 

29.3 

US 

20.3 

195 

40.2 


1069 


584 

1 

485 




Females 






1 733 

7S.S 

372 

82.9 

361 

74.9 

+ 

i 198 

21.2 

77 

17.1 

121 

25.1 


931 


449 


482 



The distribution of the cases according to age is shown in Table 5 • 
The largest number of eases, 90 per cent, occurred in the fifth to the 
ninth decades inclusive, as occurs in hypertension in geneial. The 
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highest incidence of patients with positive Wassermaxms occurred in 
the fourth, fifth and sixth decades as might be expected. 

A thorough study of combined syphilitic and hypertensive heart dis- 
ease was not attempted. We are in accordance with Arnett, who be- 
lieves that since the physical signs of syphilitic aortitis without aortic 
regurgitation are frequently found in patients with hypertension, it is 
impossible in most cases of syphilis with hypertension to determine 
clinically whether or not syphilitic aortitis is present. Fourteen cases 
with a positive Wassermann had frank aortic insufficiency without a 
high pulse pressure. Two of these patients had roentgenological signs 
of an aortic aneurysm, and the only ease which came to autopsy 
showed a. large aneurysm of the arch of the aorta with an extension of 
the process to the aortic valve producing an aortic insufficiency. We 
are unable clinically to determine in these eases of aortic insufficiency 
whether the hypertension or the syphilis or both were responsible for 
the valvular lesion. It is well known that syphilitic aortitis and hyper- 
tension may coexist. In a study of heart disease in the negro race, 
Davison and Thoroughman 7 found that of 65 patients with syphilitic 
heart disease, 16 had a coincident hypertension. Stone and Vanzant 12 
in a survey of heart disease in a southern clinic state that at autopsy 
pathologists often demonstrated greatly enlarged hearts without valve 
defects so characteristic of hypertensive heart disease but with a co- 
incident typical syphilitic aortitis. Smith 4 claims that hypertension is 
a frequent corroborative sign in such cardiovascular conditions as 
aneurysm and often in syphilitic aortitis. Fishberg 10 confirms Galla- 
vardinV 0 observation that the combination of syphilitic aortitis and 
hypertension is uncommon. 

The problem of the etiology of hypertension still remains an enigma. 
Janeway 21 has well said that the “range of possible etiological factors 
as found in the life history of patients was so great as to demand an 
extensive critical study to yield anything more than the usual text- 
book catalogue of all the diseases and vices of the human race.” The 
French authorities have, in general, stressed the possibility that syph- 
ilis has an important bearing on hypertension. They probably felt 
that since syphilis attacks the heart and vascular system hypertension 
might he the expression of such invasion. Our present concept of es- 
sential hypertension as an arteriolar disease would seem to preclude 
any such possibility. Further, the microscopical findings in syphilitic 
involvement of the arteries are radically different from those in hj 
pertension. Another reason why syphilis has been suspected as a 
cause for hypertension is the fact that in certain groups studied sy p i 
ilis was the only condition found in the past history of the patient. 
However, we have shown that in carefully controlled groups syphilis 
has been an equally striking factor. 
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IUUiATION Ol 

SUM MAUV 

A group of 666 p.lin.1- wi.h —nUnl w„ 

determine it syphilis were a possihlf elu.ingieal faelm. A , ou t 
,,,-oup ot 2000 noniivperlensive patients (d similar ages » ' 

status was studied. The inoi.le.lue ot syphilis was pnietieitlly the siiliie 
in the livpertensive grout) as in the enntrnl ginnp. * >!' 11 s 
have any etiological bearing on essential hypertension. 
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CLINICAL HEART FINDINGS IN CHILDREN WITH 
CONGENITAL SYPHILIS 

Giuseppe Previtali, M.D., Gertrude H. B. Nicolson, M.D., and 

D. Moon -Adams, M.D. 

New York, N. Y. 

R EPORTS on the clinical heart findings in congenital syphilis are 
meager in comparison to the extended studies made on other phases 
of the disease. Pathological examinations, dating from Rosen’s de- 
scription in 1860 of g'uinmata in the heart of a newborn infant, are 
fairly numerous and give a definite picture of changes in the myocar- 
dium and great vessels occasionally found at autopsies of congenital 
luetics. However, it is noteworthy that the great majority of such re- 
ports deal with fetuses or with infants of less than one year. The im- 
petus given to the study of heart disease in acquired syphilis, when 
TIeller in 1899 pointed out its relationship to aortitis, apparently did 
not extend to congenital syphilis. Moreover, there is divergence of 
opinion among those who have studied the subject as to frequency and 
manifestation of heart involvement. 

Alfred Friedlander in a paper read before the thirty-third meeting 
of the American Pediatric Society in 1921, maintained that myocardial 
degeneration in children was frequently caused by syphilis and falsely 
attributed to other iufections. 

Stolkind 1 iu 1920, after reviewing the literature, concluded that no 
proved case of aortitis iu congenital syphilis had been reported and 
surmised that congenital syphilitics with heart involvement did not 
survive birth long enough to give clinical manifestations. 

Warthin 2 reported a case of acute syphilitic myocarditis in a man 
of twenty -five years suffering from congenital syphilis. He also re: 
ported, autopsies on two infants who showed spirochetes in the heart 
muscle with absence of any other luetic lesions, and suggested that 
this may be a more frequent cause of sudden death than is commonly 
recognized. 

Matusoff and White 3 published a pathological study of 35 cases of 
congenital syphilis autopsied at the Massachusetts General Hospital 
and the Infants and Child Hospital iu Boston, and a clinical study of 
25 eases under treatment. Fourteen, or 40 per cent, of the first group 
showed luetic changes in the heart or blood vessels. In the second 
group studied for clinical signs they found no cardiac involvement 
attributable to lues. 

Iu Mew of such conflicting reports, we thought it of intei’est to ex- 
amine the heart in fifty cases of congenital syphilis, under active treat- 
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ment at Bellevue. Our plan of ^to 

nosis of congenital syphilis y P k sica J ' * gt history of each 

jltStos, frequent sore throats or 

chorea. Only four gave histories of occasional sore 11 one .^ 

effusion without fever or redness was present m both kne .1 • 

which cleared up under antiluetic treatment and was diagnosed luetic 

arthritis. 

Complete physical examination was made recording the general con- 
stitution and habitus of the child. Teleroentgenograms and electro- 
cardiograms were taken on each patient. Record was made of treat- 
ment received prior to examination, the age at which treatment was 
started, the blood W assermann report on admission and also at the 
time of examination. Finally the cases were grouped by their age 
and sex. 

Our study included 28 girls and 22 boys; the youngest was four 
weeks of age and the oldest fourteen years. Forty-six of the 50 were 
under eleven years, 14 under two years and 9 under one year. In 
every case the blood Wassermann was 4 plus on admission. At the 
time of examination 32 cases had 4 plus Wassermann reports, 3 had 
1 plus, 1 had 2 plus and 14 had negative Wassermanns. 

The latter group comprised children who had been under treat- 
ment for varying periods extending from three months to twelve 
years. Seven children were examined before receiving treatment. 

The group showed no symptoms of tachycardia or dyspnea on exer- 
tion, or other signs suggesting a cardiac syndrome. On physical ex- 
amination of the heart no abnormal pulsation, precordial bulging, 
marked venous tracing or cyanosis was noted. No instance of club- 
bing of fingers or toes was seen. The point of maximum cardiac im- 
pulse was found in each case to be within normal limits, and the per- 
cussed borders showed no enlargement. On auscultation no murmurs 
of organic type were heard. In eight cases systolic murmurs were 
heard at the base or apex which, because of their location, their lack 
o. transmission and variable intensity were classified as functional, 
lo record blood pressure a sphygmomanometer with child cuff was 

the i lT UngS T 6 t3ken fr ° m the a ™’ ™ -mall infants from 

the leg. Eleven readings have been 


• , . . “ omitted from this study, indued 

accurate, in one instance because the patient had an evident o-l an d u 

av psoras,, as a basis for Ms hypotension, and in the others because 

a unifoi in leading seemed impossible on account of thp 
of these infinite t„ f i, . . account ot the constant crying 

these infants. In the renaming 39 cases the average pressure™ 
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93 mm. systolic with a diastolic of 51 mm., giving an average pulse 
pressure of 42 mm. This is somewhat higher than that found in nor- 
mal children. Our highest systolic blood pressure Avas 125 in a boy of 
nine years and the loAvest 82 in a girl of tAvo years. The diastolic pres- 
sure Avas audible to zero in three children, but as a change in the in- 
tensity of the pulsation Avas heard at a some higher level, this degree 
Avas taken as the diastolic reading. 

The roentgenograms Avere taken at a distance of six feet except in 
nine infants on Avhom flat plates Avere made. The sthenic type of 
heart predominated, being present in 28 cases. Hypersthenic hearts 
Avere seen in 6 cases and hyposthenic in one. Among the 9 infants on 
AA r hom flat plates Avere taken no apparent enlargement Avas seen. The 
35 teleroentgenograms shoAved no increase in the ratio between the 
transA’-erse diameter of the heart and that of the pulmonic field except 
in tAvo instances Avliere the hearts Avere of the hypersthenic type. 

In tAveh’e cases the right auricular curve and in one both auriculars 
Avere accentuated. In one instance the left auricular and the left ven- 
tricular curve, and in another the A'entricular alone Avas accentuated. 
Tavo children Avith negatn r e clinical findings shoAved an accentuation 
of the curve of the pulmonic artery. No ease shoAved widening of the 
aortic arch. 

Electrocardiograms Avere obtained on all of the 50 children. Their 
rhythm Avas of the regular sinus type in all instances. In one case, a 
crying infant, this Avas interrupted by occasional premature auricular 
contractions. Sinus arrhythmia. Avas frequently’ present, simple tachy- 
cardia Avas noted nine times, and bradycardia once. Loav voltage avus 
noted in 14 records. Conduction betAveen auricles and ventricles Avas 
in no case delayed; there AX r as no defect found in the bundle or its 
branches. Axis deAdation AA r as equally distributed, being present fixe 
times to the right and five to the left. The indhddual deflections did 
not differ from the normal. P 3 Avas not found inverted and T x and 
T 2 Avere always upright. The R-AvaA r e in Lead I Avas commonly of poor 
amplitude. 

SUMMARY OF FINDINGS IN FIFTY CASES OF CONGENITAL SYPHILIS 

1. Physical examination of the heart Avas negative. 

2. Rheumatic lesions xvere not present. 

3. Average blood pressure Avas 93/51, gixdug a pulse pressure of 42, 
the normal being from 27 to 30. 

4. Thirty-five teleroentgenograms shoAA r ed normal ratio between 
t.ransvex*se cardiac diameter and pulmonic fields. The aortic arch Avas 
in no case Avidened. 

5. Electrocardiograms shoxved normal rhythm Avith no delay in con- 
duction, no abnormalities of deflection, but frequent Ioav voltage. 
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6. The findings in children who had received no treatment were the 
same as in those whose Wassermanns had been rendered negative by 
treatment. 

7. Children of varying age groups showed no differentiation in their 
physical signs. 

CONCLUSION 

In contrast to the findings in acquired syphilis, we were not able to 
detect, by available methods of physical examination, any cardiovascu- 
lar lesion in the fifty cases of congenital syphilis examined. 
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HEART DISEASE IN CHILDREN DUE TO CONGENITAL 

SYPHILIS* 


Thurman B. Givan, M.D. 

/ 

Brooklyn, N. Y. 


M Y CONTRIBUTION to this symposium consists in the analysis of 
more than four hundred cases of congenital syphilis. These were 
selected from eases with outstanding symptoms of the. disease, such 
as young infants with florid skin and visceral lesions, the older child 
with interstitial keratitis, joint signs, or central nervous symptoms. 
The total number of cases of this disease observed during the past ten 
years exceed two thousand. In collecting this data, autopsy records, 
x-ray reports, electrocardiographic reports, laboratory findings, etc., 
were used from the Long Island College and Brooklyn .Eye and Ear 
Hospitals. Most of the cases have been observed for several years, 
and a majority have had a cardiac examination during the past two 
years. Until two years ago very little attention was directed to the 
heart in these cases; however, clinical examinations were done on 
practically all eases, as well as on those in this series. When the 
Spirochaetae palliclae invade the blood stream of the unborn infant, 
obviously, a septicemia begins, and, depending upon several factors, 
for example, the virulence and the selectivity of the invader, vital 
organs and tissues of the body are injured. This injury seems to vary 
in degree ; hence anything from a macerated fetus to a perfectly well- 
developed, living infant may be delivered. Autopsy records in the 
former show the Spirochetae palUdae in the various tissues of the body, 
notably the liver, the spleen, the lungs, the osteochondral portions of 
the long bones, and many times in the heart, particulai’ly the myocar- 
dium. These infants, if not bom dead, usually die during the first 
three or four months after birth, with or without treatment. 

In no case has the autopsy protocol shown sufficient changes in the 
heart to account for death, although interstitial myocarditis and vacu- 
olization of the muscle fibers have been demonstrated. Usually a ter- 
minal pneumonia and now and then a syphilitic meningitis account 
for death. Except to the pediatrist and the sypliilologist these cases 
are only of academic interest. The question you are interested in is, 
what happens to the heart and aorta of the child with congenita 
syphilis as he grows up ? Undoubtedly some of these infants w ith spr 
roclietal invasion of the heart and other visceral organs, if treated 
early, survive and actually do grow up. 


•Prom the Department of Pediatrics, Long Island College Hosmtal. Brooklyn, 
and the Congenital Syphilis Clinic of the Brooklyn Eye and Ear Hospital, BrooK . 
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T , ble T s | l0 \v.s 404 cases of congenital syphilis divided into 

groups. One hundred e »» v ' l'V t'o'ri » ^viM'iving u * 

treatmwit^^Iauy had *-«*% fl«oroseoi>«. oleeh^earcliognjph^ ^ 

ceived antisvphilitic treatment had similar e*..ini.i«tioiis ; in i ««<■ 1 

these did the heart show any abnormalities. The fact that he pu - 
monic second in children presents normally a louder sound ban the 
aortic second was an aid in reaching the above conclusion. Any case 
showing A, equal to or louder than 1>, was selected for a more enrol »I 
survey . C The older the age group, naturally, the more were there of 

these eases. 


Taulv. I 

No Sums or Hkaut Dirkask 



Those showing interstitial keratitis are included in the tabulation 
for the reason that these eases occur usually only as a light ing-uji 
process in congenital syphilis tarda. During this period of activation 
one might expect cardiac changes, but in our experience such is not 
the case. 

Taking for granted that syphilitic heart, changes take place on an 
average of eighteen to twenty years after the primary infection in 
acquired syphilis, a special effort was made to follow up those eases 
of congenital syphilis more than sixteen years of age. Rixlv-onc of 
sucli showed no cardiac abnormalities. * 

It might bo said of the 287 treated caaea that »o.„c of „,eae 
have developed heart change, had they not been Irealed This ohvi 
ously cannot be answered. Many of them however had h* 
med previously, a large number duriiu- infancy yii’h oxmn ; 

cardiac disease. 15 " ,1h no ^Uihon of 

Syphilologists who have had large experiences *• 

heart conditions due to syphilis tell J f i ‘ ,tni{r or 8 ,m i« 

arsenicals in such cases. 

a single instance of bavin* to suspend tt i ‘ 1AC ncver onc °unteved 
symptoms. Only three deW hi patients* 
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, . . , There was no murmur ai the 

blow' st- the .p — 

s—ssksjz r;r»rr^, ~ 

diooTam (Pig. 3) shows no abnormality with the exception that the 
S-T^ interval comes off 1 mm. below the base line m Pead 1 and 3 mm. 
above the base line in Leads 11 and 111- 

COMMENT 

Pour hundred and seventeen eases of congenital syphilis ranging in 
age from three months to forty-two years were studied with reterenee 
to heart disease being caused by the Spii'oclu'tu jutUida. I p to the 
present moment not one of the eases has shown signs or othei col- 
lected data that would lead one to make a definite diagnosis of syphi- 
litic heart disease. 
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DISCUSSION 

Vr. 17. E. B. Pardee, New York, X. Y. — Although Dr. McCulloch* has not. keen 
able to present his paper today, 1 Relieve from my correspondence with him that he 
is able to report very much the same sort of tindings as have been recorded by 
Dr. Givan and Dr. Prcvitali. He was not able to find an appreciable amount ol‘ 
cardiovascular disease in these children. In connection with this finding it must be 
remembered that these children represent a very different type of case from those 
which have been discussed here today, who are suffering from cardiovascular dis- 
ease, and who apply for treatment. These children represent so many exposures to 
the infecting agent of syphilis, and it should not be expected that the incidence 
of cardiovascular involvement would be great. We do not know what percentage 
of adults infected with syphilis go on to develop lesions of the cardiovascular system. 
It is likely that only a small percentage does so, and so we should not lie surprised 

if the amount of cardiovascular syphilis in children with hereditary infections is not 
great. 


-McCulloch, Hush: C.„ S c„,,„ SnMUs „ , ^ ^ 
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CONGENITAL SYPHILIS AS A CAUSE OF HEART DISEASE* 

Hugh McCulloch, M.D.f 
Saint Louis, Mo. 

INTRODUCTION 

I T IS known that syphilitic infection is followed in many instances 
by localization of the disease in the heart or large blood vessels of 
the human body. Even when the infection is recognized early and 
treated carefully, cardiac and vascular complications may occur five, 
ten or more years later in life; and in unrecognized or untreated 
cases, the frequency of these late lesions in the heart and blood ves- 
sels is known to increase. Just how probable the occurrence of syph- 
ilitic heart disease in a given individual will be, cannot be stated ac- 
curately. Conservative estimates would place the frequency at about 
25 per cent in untreated cases and lower in well-treated cases. Since 
syphilitic infection of infants before birth from a syphilitic mother is 
a common disease and since the course of this type of syphilis is com- 
parable in many ways to an infection acquired later in life, one would 
suspect that those children would frequently show signs of heart dis- 
ease. A group of children ivith congenital syphilis has been studied 
to note whether or not this same tendency existed for the heart to 
become the seat of the disease following fetal infection. Many chil- 
dren are born while in the stage of infection which is comparable to 
the secondary stage of acquired syphilis, and a smaller number live 
to reach the stage comparable to tertiary syphilis of the adult. 

literature 

Interest in this study was increased by many reports in the litera- 
ture on the probability of such an infection in fetal life resulting in 
heart disease both during childhood and also later in life. Wartlnn 
has directed attention to the probability of sudden death from a latent 
syphilitic myocarditis, a type of lesion that is known to occur in chil- 
dren. Other acute infections in childhood, such as diphtheria, scarlet 
fever, and typhoid fever, are known to be followed by a myocarditis 
which may be the cause of sudden death in later life. Warthin also 
has well described the lesions to be found in the heart. He reported 
twelve cases of congenital syphilis, nine occurring in infancy and 
early childhood, three in children after puberty all of whom showed 
the presence of the disease in heart muscle tissue. He was able to 
demonstrate the spirochete in the tissue even in the absence of histo- 

♦Read by title. 

tFrom the Department of Pediatrics, Washington University School of Medicine 
and the St. Louis Children’s Hospital. 
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logical lesions or spirochetes elsewhere in the hotly. In h * 
of the histological findings, he states that m every • b« has lm id 
fatty degeneration of the heart mnscle to be present e.thel as a Mil. . 
fatty change or as a foea. process. He says that as far as 
of syphilis is concerned, it may cause a local or a ntoic difinsc 
operation of the myocardium before any interstitial changes occur, 
a purely parenchymatous change in the heart mnscle. Tins lesion may 
heal without an interstitial reaction or focal fibroid areas as well as 
focal calcification of the degenerated muscle fibers can follow the pri- 
mary lesions of the myocardium. The latter process would constitute 
changes responsible for lieai't disease in later life, i hree cases de- 
scribed in older children were examples of this. One ease had a his- 
tory of old cardiac disease without a rheumatic infection, the other 
two showed decided underdevelopment. 

There are numerous reports of eases of heart disease occurring 
among - congenital syphilitic children. Fournier' has directed atten- 
tion to the fact that various heart malformations may occur in sub- 
jects of hereditary syphilis. Case reports by Anderson 5 and Neuge- 
bauer B have been made. A collective review of cases with a report of 
an additional ease has been made by Stobied deStefano* reports 32 
cases of children with congenital malformations of the heart who were 
admitted to the Children ’s Clinic at Naples in the. previous six years. 
Seventy-two per cent presented unmistakable signs of inherited syph- 
ilis and it was probable in all the others, except 5. His report does 
not include an examination of the heart muscle tissues for the pres- 
ence of spirochetes or the histological changes of syphilis described 
by Warthin. The blood "Wassermann test, was positive in 27 of the 
32 cases. Many of the heart, malformations described were similar to 
those which may be found among children who do not have congenital 
syphilis ; for example, patent foramen ovale, ductus arteriosus, or in- 
terventricular septum. Halm 8 discusses the relationship between con- 
genital syphilis and heart disease in early life of 130 cases of congeni- 
tal syphilis and syphilitic fetal injuries. A large number, 80 to 90 
per cent showed a pure mitral stenosis. He regards the stenosis as evi- 
c ence of retarded growth of heart muscle tissue following the svphiltie 

™ 0 n P °v W )CCt 7 S3 ,' mI,t T S "’ ere ™' y s,iKht a ” tl aMOmpMBMtion 
" “ “,T r , °^ rv f ™ Icss «» stability of the anatomical condition 
\as disturbed by bacterial infection of the valve. 

Fordyce- describes 9 children with rheumatic heart disease who 

eie also congenital syphilitics and in whom the striking feature was 
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MATERIAL 

The group of eases which forms the basis for this report has been 
seen in the Washington University Dispensary, the out-patient depart- 
ment of the St. Louis Children’s Hospital. As a part of the general 
pediatric clinic, the syphilitic children and cardiac children are cared 
for as special groups. On admission each child first is seen in the gen- 
eral clinic when he receives a physical examination and is then re- 
ferred. to the special group for further care. While attending the 
syphilitic or cardiac clinic, the child is examined frequently and among 
other things, the presence of signs of syphilis and the Wassermann re- 
action being noted on all cardiac children and the presence of signs of 
heart disease on all syphilitic children. It was recognized that, there 
were very few children who belonged to both groups so that the high 
incidence of heart disease among syphilitic adults did not seem ap- 
parent in children. The experience in this clinic lias been sufficiently 
large now to warrant a report of the situation at the present time. 

During the ten-year period beginning with 1915 and ending with 
the end of 1924, there have been in all 40,470 children treated in the 
general pediatric clinic. Children admitted after this period have not 
been included in this study, since it was felt that recent admissions 
would not have been under observation long enough. During this 
same period a diagnosis of congenital syphilis has been made on 939 
of these children, or 2.3 per cent. This group of children was divided 
into two groups: those under two years of age, 441, and those over 
two years of age. 498. A diagnosis of structural heart disease has 
been made on 458 children diming this same period, or 1.1 per cent. 
This number does not include children with chorea or with potential 
heart disease. 

Of the 939 syphilitic children, 124 are known to be dead. Of this 
number 53 died in the Children’s Hospital and autopsies were per- 
formed on a total of 34 ; two of these were above the age of two years 
and 32 under two years of age. Among the 34 autopsies, a syphilitic 
lesion of the heart was found on the following three children: 

Case 1. — H. H., Children’s Hospital Ho. 9738, aged three months. Clinical di 
agnosis of congenital syphilis with no signs of heart disease. At autopsy there i' as 
found a fibrosed atrophy of the right ventricle, hypertrophy and dilatation of the 
right auricle with a patent foramen ovale and ductus arteriosus. There was evidence 
of syphilis on microscopic section of the heart muscle. 

Case 2.—L. H., Children’s Hospital Ho. A-1049, aged four weeks. Clinical 
diagnosis of congenital syphilis. At autopsy, the heart muscle. was very pale an 
much enlarged and the foramen ovale was wide open. There was marked thickening 
of the epienrdium with newly formed fibrous tissue in which were enmeshed great 
numbers of large mononuclear and lymphocytic cells. The muscle bundles of H' c 
heart were all widely separated with thick bands of the same character of tissue, 
the blood vessels large and small showed a marked fibrosis, thickening of the walls, 
and there was wide constriction of the lumen. Levaditi stains showed spirochetes. 
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CvBF 3 D L. Barnes Hospital No. K001, «|I«1 U'«w months. Clinicul *1«- 

of hereditary syphilis, b-ehopneumoria ^ 

IV. Post-mortem examination revealed a heait vhich im g * J( , 

the musculature appeared normal. Microscopically, the handles of heart musi 
fiber arc separated by bands of new forming connective tissue winch in aome - 
stances arc as broad as arc the bundles of muscle fibers. There ,s a so a tnon un- 
clear reaction throughout the section, the cells being to a great extent of the bug 
mononuclear tvpe. The cells are seen both between the bundles of muscle fibers ami 
between the separated fibers. There is seen a similar connective tissue and cell re- 
action about the vessels in this section. In some instances, this being a rather 
marked change. 

No one of the other 29 children under two years of ago who were 
examined at autopsy showed evidence of heart disease. All o! the 22 
children showed extensive syphilitic disease in other organs and spiro- 
chetes could he demonstrated in the affected tissue. The clinical 
course and post-mortem examination of these children indicated that 
they were suffering from a generalized syphilitic infection and that 
death was probably due to the toxemia associated with the infection. 
No one of this group who died or of the total group of Til children 
under two years of age showed signs of congestive failure of the 
heart or other cardiac symptoms during life or associated with death. 
This group of children under two years of life corresponds then to 
the group of adults with generalized syphilitic invasion of the whole 
body during the so-called “second stage” of the disease following a 
primary infection. 

Children with syphilitic infection who live past two years of life 
show signs of the disease in a somewhat different, manner. The com- 
mon physical signs in this age group are keratitis, characteristic 
(Hutchinsonian) caries of teeth, deafness, and interstitial changes in 
such structures as the brain, liver, and bones. They rarely suffer from 
any toxemia, do not become acutely ill from the syphilitic infection, 
and usually die of some intercurrent infection. Of these children who 
lived to be over two years of age, there were 498 in this study and of 
tins number two, T. S, Children’s Hospital No. 16341. and S S Chil- 
dren s Hospital No. 651, died of heart disease and three others who 
have not died are known to have heart disease. The two children who 
ave died also had a very definite history of rheumatic fever chronic 
tonsillitis, and physical signs of the type of heart disease usually seen 
ni rheumatic children. It could not be determined that the pVesence 
of the syphilitic infection contributed to the fatal m ,+ , 1, . 

heart tllsease - They both had clinical si«ns of the svnhil v”^ r • U ' 
other than the heart disease. Three of This , roup ^ V 

of seventeen ye,,, T„e Se tIu , e ^ ^ 
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fever though such a condition could have existed, for the heart disease 
was of the type usually seen in rheumatic children. The last child, 
A. P., when last seen showed almost no signs of heart disease, though 
during the hospital admission she had an acute pericarditis, enlarge- 
ment of the heart with mild congestive failure, and mitral valvular 
disease. She had no signs of syphilis other than a positive blood 
Wassermann reaction. This group of five cardiac children in a total 
number of 498 with congenital syphilis is about the same frequency 
as would be found in any normal control group. This 1.0 per cent 
frequency coincides with the 1.6 per cent frequency of the total of 
458 children with heart disease who were found among the total of 
49,470 children admitted to the general clinic during the ten-year 
period included in this study. They correspond to the group de- 
scribed by Fordyce. 10 


SUMMARY 

Of 40,470 children under fifteen years of age admitted to the out- 
patient department of the St. Louis Children’s Hospital, during a ten- 
year period from 1915 to 1924 inclusive, 939, 2.3 per cent, were found 
to have congenital syphilitic infection and 458 were found to have 
recognizable heart disease. Of the 939 children with syphilis, 441 
were under two years of age. It was possible to obtain autopsies on 
32 children who died at this age period and 3 showed the presence of 
syphilitic heart disease. No one of the other 29 who died, or 409 who 
lived, had symptoms at any time referable to heart disease. 

Four hundred and ninety-eight of the syphilitic children were oiei 
two years of age and of this number, 5, or 1.0 per cent, were known 
to have heart disease. Two of these 5 died but without post-mortem 
examination and 3 were living when last heard from. The signs of 
heart disease in these 5 children wei’e similar to those seen in children 
with rheumatic heart disease but without syphilitic infection. Tins 
frequency of 1.0 per cent coincides with the frequency of 458 cliil 
dren (1.1 per cent) with heart disease among the total of 40,4/0 chil- 
dren admitted to the general clinic, or in other statistical surveys of 
the incidence of heart disease among normal or control children. 

No one of the children up to the age of fifteen years of life has died 
suddenly or showed signs of heart disease similar to syphilitic heait 
disease seen in adult or later life. The observations made on routine 
examination of this group of children were not done with the idea o 
proving the existence or nonexistence of a causal relationship between 
congenital syphilis and heart disease. The number included seems 
large enough to represent a satisfactory experience in a general Chill 
dren’s Clinic. 
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CONCLUSIONS 

There is no evidence in this study that congenital syphilis contrib- 
utes to the incidence of heart disease in children up to the afro oi 
fifteen years. That heart disease and sudden death may follow this 
type of infection later in life is not made clear by this study, but it 
may he supposed that instances of this sequel would be about equal to 
those that follow other acute infections of childhood. 
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gurgitation; nine, or 40 per cent, were temporarily improved. Three 
were classed as myocardial or coronary syphilis; only one showed 
improvement. Fifty of the entire group of eighty-eight patients were 
clinically improved ; twenty-eight, or 31 per cent, were not influenced 
by the drug. The patients studied were judged improved, stationary 
or worse by comparing the symptoms and findings before and after 
neoarsphenamine treatment. The effect on the prominent symptoms 
is analyzed in Table II. It shows: Pain a complaint by forty-four 
patients, relieved in twenty-five, unchanged in fourteen, and aggra- 
vated in five ; dyspnea a complaint in forty-eight, improved in twenty- 
eight, unchanged in thirteen, aggravated in seven; palpitation a com- 
plaint by twenty-four, relieved in thirteen, unchanged in seven and 
aggravated in four; murmurs present in seventy-five patients showed 
improvement in four, no change in sixty-three, aggravation hi eight; 
urinary findings (albuminuria and casts) present in sixteen patients 
improved in eight, unchanged in six and aggravated in two. The 
AYassermann reaction, positive at the start of treatment in eighty-five 
patients, was rendered negative in twenty-three patients, became less 
strongly positive in three and was uninfluenced by the treatment in 
sixty-two. 


Table II 



PAIN 

DYSPNEA 

PALPITA- 

TION 

MURMURS 

urinary 

FINDINGS 

EDEMA 

COUGH 

Total cases 
with symptom 

44 

4S 

24 

75 

16 

17 

15 

Relieved or 
improved 

25 

28 

13 

4 

8 

9 

6 

No effect 

14 

13 

7 

G3 

6 

;i 

4 

Aggravated 

0 

7 

4 

S 

2 

3 


As mentioned previously, the symptomatic improvement was tem- 
porary. The average period of relief was about fourteen months, 
varying from two months to five years. 

The recorded improvement in murmurs of four patients was a les 
sened intensity of basal murmurs in two and a disappearance of aortic 
diastolic murmurs in two. The latter interesting observation, occui 
ring in two decompensated patients after compensation had been 
established, can best be explained by attributing the murmur to a 
relaxed aortic ring. AA r ith compensation established, the tone of the 
aortic ring is improved, and the regurgitant murmur disappears. 

The improvement in urinary findings coincided with the impiove 
ment in edema and probably indicated that the albuminuria was due 
to renal passive congestion. 

The table records ten patients who became symptomatically woise. 
In three there is evidence of actual anatomical damage bv neoarsphen 
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• Thp iddnevs of one patient, whose case is cited later, were 

probably damaged. Another case also describe^ ^ 
marked increase in signs of aortic insufficiency. Anothei patient 
veloped acute red atrophy of tile liver and died. No eases ol sudden 
death or aneurysmal rupture were observed. 

CASES TO ILLUSTRATE HARMFUL EFFECTS 

CASK 1. — L. 0., colored man, forty-one years old, referred to cardiac clinic Nov 
2s 1924 from an industrial plant, because the company physician had discolored . 
murmur.’ In December, 1922, an examination by the same physician bad revea e< 
no heart abnormalities. He had no complaint except weight loss of ten pounds m 
three months. Examination revealed the heart enlarged to the left. (14.o cm.) in the 
sixth interspace, a distant diastolic murmur over aortic area, positive Durozie/. s 
sign, systolic blood pressure 118 mm, diastolic 70, Vassermann three plus and 
x-ray evidence of aneurysm of aorta. Mercurial rubs and iodides were administered 
from December 1 to December 2S. Then he received three doses of neoarsplicnaminc 
(0.3 gm.) at weekly intervals. After the third dose, the diastolic, murmur became 
definitely more harsh, the blood pressure changed to 120/00 mm., and slight sub- 
sternal distress was noted. Neoarsplicnaminc was then discontinued because it was 
felt that the organic changes were progressing in spite of treatment and perhaps 
were aggravated by the treatment. 

Case 2. — E. L, colored, forty-five years old, who previously had generalized 
anasarca, presumably the result of heart failure, was given 0.3 gm. neoarsplicnaminc 
on November 28, 1929, after a preliminary course of mercury and iodides. Prior to 
the injection there were no urinary findings, and blood pressure was 110/G0 mm. 
Two days later edema of the ankles and eyelids developed, and albuminuria and 
urinary casts wore found. Edema soon became generalized and persistent. The 
blood pressure rose to 100/100. The nephritis persisted for three months, 

CASES TO ILLUSTRATE TEMPORARY CLINICAL IMPROVEMENT 

Case 3. A. T, white, laundvyman, aged fifty years, when first observed August 
30, 1926, complained of severe boring substernal pain, dyspnea and palpitation. 
Examination revealed an enormous aneurysm of the arch and of the descending 
aorta (x-ray). The heart was not, enlarged; the tones were clear except for a 
soft systolic murmur at the base. Iodide, mercury and analgesic drugs were used 
for ten weeks, and there was no relief from the severe pain. Striking pain relief 
was noted the day after one dose of neoarsplicnaminc was given. lie remained in 
relative comfort for nine months, receiving during this period twenty-four injections 
of neoarsphenamme (0.3 gm.). During this period he received also potassium iodide. 
The final outcome of this case is unknown because the patient left tlic city. 

Case 4. J. T) a white male, sixty years old, entered the clinic October 12, 1928, 
complaining of dyspnea, cough, and generalized edema. Asthmatic attacks had 
heen present for a year, dyspnea and edema for three months. Go.iorlhcn and 

f.« Pta . w „ ss zr izrz tsel „ z\r° ta ” to - v 

ho remained until January 30 l<m ,v«i f ‘ Memorial Hospital where 
edema. While in the hospital the t!m,t,? e -T ^ ha . d . 110 P«»b or 

iodide and mercury followed 'by weekly ^ ^°" S1S ° d ° f digitalization, a course of 
1 by weekly injections of neoarsphenamine, which were 
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continued until July 15, 1929. About three months after the treatment was started, 
the diastolic murmur disappeared. On July 25 the Wassermann was negative. In 
September, 1929, dyspnea, cough and pain developed but were relieved when he 
returned to the hospital. In January, 1930, after another series of neoarsphenamine 
treatment the Wassermann had become four plus. Symptoms of decompensation 
recurred February 7, 1930, and became worse until death on March 5, 1930. This 
case illustrates the symptomatic improvement which occurred in a man who re- 
ceived neoarsphenamine while suffering from cardiac decompensation. Although the 
improvement was temporary, we believe that the use of the drug in this case, as 
in others, caused some prolongation of life. 


SUMMARY 

A clinical studj T on the effect of neoarsphenamine on the symptoms 
of patients with cardiovascular syphilis is presented. Symptomatic 
improvement is believed to be a neoarsphenamine effect in 57 per cent 
of the eases. Twelve per cent showed aggravation of symptoms; prob- 
able anatomical damage was produced in three patients. No cases of 
sudden death or aneurysmal rupture were noted. A higher percent- 
age of improvement is noted in patients who have syphilitic aortitis 
without definite aneurysm or aortic regurgitation. If the drug is 
cautiously administered in small doses, patients functionally classed 
2 b (American Heart Association) may he benefited by the drug. 

Improvement in the serological reactions of the blood does not al- 
ways parallel the symptomatic improvement. Although the lives of 
patients with cardiovascular syphilis are perhaps prolonged by neo- 
arsphenamine treatment, there is no evidence in any case studied 
which shows that the disease was permanently arrested. 


DISCUSSION 


Dr. Alexander Lambert, New York, N. Y. — "When salvarsan first came out, a full 
dose used to be given to the syphilitic individual with cardiac disease or with 
aneurysm. These patients did well for about six weeks. Then we saw eases where 
the patient suddenly dropped dead without warning. The effect had been that of 
degeneration of the wall of the aneurysm. After that we never gave a dose o 
more than 0.1 gram, and always accompanied with mercury and iodide. Sab arson 
was given once a week, and in that way there were not so many accidents. The 
patients were usually distinctly improved, but there were other cases that did no 
improve. It must be emphasized that the amount should never exceed a small dose 
given at five or six-day intervals. The drug does stop pain more quickly than any 
other thing in syphilitic aneurysm. 

Dr. F. Y. Wilson, Ann Arbor, Mich.— I have seen two or three patients with 
luetic heart disease in whom arsphenamine therapy was promptly followed b 
striking changes in the electrocardiogram. These changes were either permanent 
persisted over a long period. 

Dr. Forris, Springfield, III. — In the patients with some degree of heart failure, 
and treated with arsphenamine, what was the duration of life subsequent to tren 
ment ? 


Dr. A. G. Sullivan, Hot Springs National Park, Ark. — Preliminary 
should be stressed, as it is a very important factor. In the TJ. S. Public , e ‘^_ 
Service Clinic at Hot Springs a routine treatment is used consisting of three m 
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muscular injections of mercury and two injections of salvarsan weekly. We find 
tliat as a result of routine treatment (without careful cardiac examination) we 
had several deaths attributable to salvarsan. Autopsy showed scar tissue formation 
around the coronary openings. As a result we gave to our cardiac patients con- 
siderable preparatory treatment (at least a month) with mercury and iodides be- 
fore starting salvarsan in small weekly doses, and since then we have had no deaths 
attributable to the treatment. Tu judging the length of preparatory treatment, 
cases already showing some interference with intraventricular conduction by slurring, 
notching or widening of the QUS complex should have more preliminary treatment. 
Unfortunately, mercury and iodides alone will not stop the progress of aortitis. 
Something more lias to be done. In those eases which we feel are not suitable risks 
for salvarsan we are using bismuth. Its exact value in the treatment of cardio- 
vascular syphilis is still undetermined. 

Dr. II . IT. Robey, Boston, Mass. — I. thoroughly appreciate what Dr. Sullivan said. 
Whether there is much cardiovascular disease or not, if a middle-aged patient lias 
syphilis, the physician should proceed with caution. 

Dr. Jlinc.t (closing).— Electrocardiograms were made at the time of first, ad- 
mission to the clinic. No analysis was made of this work. In patients who were 
edematous the period of improvement was short. One man remained well a year, 
dliat was the longest period of relief noted in tin’s group. Mercury and iodide were 
used before arsplienamine was started. 



THE TREATMENT OF CARDIOVASCULAR SYPHILIS 

A Study of the Duration of Life in 141 Treated and Untreated , 
Patients With Aortic Regurgitation and Aortic Aneurysm*! 

Joseph Earle Moore, M.D., and James II. Danglade, M.D. 

Baltimore, Md. 

r I HIE treatment of cardiovascular syphilis is a controversial subject 
* on which there are as yet wide differences of opinion, ranging from 
deepest pessimism to unbounded optimism. One school of thought 
holds that treatment should be limited to such medical measures as 
rest, restriction of activities, diet, and digitalis, and that if antisyph- 
ilitie treatment is given at all, it should be confined to the iodides and 
mercury by mouth or by inunction. The opposite viewpoint is held 
by others who, while conceding the value of conservative treatment, 
nevertheless feel that the arsenieals and bismuth may be added to the 
treatment armamentarium without risk and with marked benefit. The 
literature upholding- one or other of these points of view is voluminous, 
but is based almost entirely on impression or opinion, much of which 
is unconvincing to the skeptic. We are unable to find adequate re- 
ports appearing since the introduction of modern methods of syphilo- 
therapy, which deal with the question of the possible prolongation of 
life in a series of treated as compared with a series of untreated pa- 
tients with cardiovascular syphilis. We shall attempt to supply this 
deficiency, limiting the discussion of our material to this major point, 
and, owing to the limitations of time and space, avoiding a discussion 
of the literature, which will be considered in some detail in a subse- 
quent communication. 


THE MATERIAL OF THIS STUDY 

The primary interest of the syphilologist, so far as cardiovascular 
syphilis is concerned, lies in the question of early diagnosis and, by 
means of adequate treatment, the prophylaxis of its later manifesta- 
tions. For this reason he is particularly prone to make the diagnosis 
of syphilitic aortitis on the basis of symptoms (substernal pain or op- 
pression, paroxysmal dyspnea), with physical findings (increased ie- 
trosternal dullness, accentuated ringing aortic second sound in the 
absence of hypertension, etc.), and teleroentgenographic evidence of a 
widened inelastic aorta, in the absence of any r valvular insufficiency 
He is supported in this attitude by the great frequency of aortic lesions 

*From the Syphilis Division of the Medical Clinic, the Johns Hopkins Hospital. 

fThis investigation has been supported by a grant from the Committee on c 
search in Syphilis, Inc. 
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at. necropsy in syphilitic patients, so that the ju (‘sumptiM. 
more often right than wrong. However, >t * .1» - ^ " 

diagnosed during life is often absent at necropsy; and tins e. 1 
fa frequent, that many internists are unwilling to accept the cl... cal 
diagnosis of syphilitic, aortitis unless the patient has a t etanic no o 
regurgitation or an aneurysm. The clinical cl.fi erent. at ..... of sj ,,h- 
ilitic mvoenrditis as an isolated lesion from other diagnostic poss.lul.- 
ties is also extremely difficult. In order to avoid introducing any 
material which might be objectionable on tlic score of inaccurate ding- 
nosis, we have therefore limited this study 1o palioils w\ih s\plu itic 


aortic insufficiency and aortic aneurysm. 

The files of the Syphilis Clinic contain the records of 222 patients 
with aortic regurgitation and 93 with aneurysm. These patients have 
been followed as carefully as possible by social service visits, search 
of the in-patient hospital records of the Johns Hopkins Hospital and six 
other hospitals in Baltimore, and an examination of the death certificates 
in the Baltimore City Health Department. As a result of this effort, it 
has so far been possible to trace the ultimate outcome in 90 patients 
with aortic regurgitation and 43 with aneurysm. The study is still in 
progress, and these numbers will be augmented in a subsequent com- 
munication. To the former group have been added 3 patients with 
syphilitic aortitis, 3 with syphilitic myocarditis, and 2 with angina 
pectoris; in all of whom the diagnosis is sufficiently clear cut to be 
above criticism. A total of 141 patients is thus available for discussion. 


'1 lili at. ui; .NT methods 


So far as antisyphilitic treatment is concerned, we have ourselves 
undergone several changes of attitude. Ten or fifteen years ago. in 
the relatively early days of arsphenamine, this drug was given to am- 
bulatory patients with cardiovascular syphilis with as much freedom 
as to other patients with less serious late syphilis. The result of this 
was a series of four or five immediate deaths on the treatment table a 
few instances of sudden death within twenty-four or forty-eight hours 
(Herxliemier reaction), and a few instances of the sudden precipitn- 
ion of congestive failure in patients whose compensation had been 
adequate prior to treatment. Unfortunately the records of many of 
these older patients have now been lost, so that accurate, figures as to 
■he incidence of these untoward accidents cannot be given Since if 
^ obvious that arsphenamine in average therapeutic dosage "mild 
not be given to ambulatory patients without .wave risk thU e 

treatment was discontinued, and for a period of t Zl 1 )’ 

original therapentie optimin vvas rXcd b, n Al 7° ^ ° W 
imsm. During this period (roughly 19<>i to 19 W 1 1 tlCGPei pcS81 ' 

the usual medical measures was elw„, p!, ’ "° “«1* 

years constitute a large portion of our' control 
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With the introduction of bismuth, and the gradual recognition of the 
importance of the therapeutic paradox,* so well emphasized by Wile, 
the whole question of the treatment of cardiovascular syphilis was 
reapproached with caution, and with the accumulation of experience 
our present very elastic system was evolved. The method is not origi- 
nal with us, since other observers, notably Brooks, Scliottmiiller, 
Stokes, and Wile have arrived at approximately the same conclusions. 

Making all allowances for the fact that the treatment of cardio- 
vascular syphilis is a problem which differs with the individual status 
of every patient, and which cannot be systematized as can, for ex- 
ample, the treatment of early syphilis, our present scheme is about as 
follows: if the patient is admitted with congestive heart failure or if 
lie has pronounced pain or frequent attacks of paroxysmal dyspnea 
without failure, he is placed at rest in bed as promptly as possible. 
The usual measures are carried out until compensation is regained, 
when treatment for syphilis is cautiously begun. Both the danger of 
therapeutic shock (Herxheimer reaction) and that of precipitating de- 
compensation by the too rapid resolution of syphilitic inflammatory 
tissue (the therapeutic paradox) weigh against, the initial use of any 
of "the arsphenamine products. Treatment is started, therefore, with 
bismuth (or mercury) and potassium iodide. This is continued for at 
least ten to twelve weeks before any arsenical drug is used, and in- 
deed whether or not an arsenical is ever employed depends largely 
upon the degree of cardiac reserve which the patient seems capable of 
accumulating. If this appears adequate, arsenical treatment is started 
after about three months of preparatory treatment, the drugs of choice 
being neoarsplienamine or bismarsen (bismuth arsphenamine sulpho- 
nate given intramuscularly). The dose of each is small, never exceed- 
ing 0.45 gram of neoarsplienamine, usually 0.1 to 0.3 gram at weekly 
intervals. Courses are long, 10 to 12 injections to a course. Treat- 
ment is continuous, courses of neoarsplienamine . alternating uith 
courses of bismuth and the iodides, and is kept up for a minimum 
period of two years, and often indefinitely. It is desirable to avoi 
treatment reactions of any sort. 


RESULTS OF TREATMENT 

A study of these 141 patients provides many data, of interest and 
importance, consideration of which must be deferred for a mode c 
tailed report. Here we are concerned only with the major question 
of prolongation of life as a result of treatment. Our results aie pie 

*As defined by "Wile (The Treatment of the Syphilitic Liver and Heai t A T 
peutic Paradox, Am. J. M. Sc.. 1G4: 41o, 1922). this consists in a rc ™Wninst rapid 
improvement following- arsenical treatment, followed in some cases ay a. sU g-- 

deterioration with accentuation of the original cardiac defect. Two i acioi - . r0 _ 
gested as explanations : “first that the syphilitic products have been too i . a 
placed by scar tissue, or second, that their rapid disintegration lias -pr -gj 

chemical change deleterious in its effect on the local lesion. . . . V e are c . in d 

with the remarkable paradox that the patient gets well or better or his s. p 
may die as the result of the dispersion of his syphilitic cardiac lesion- 
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sented in tabular ton, ml ^ ZX 

in the whole «*• had rocc.vcd an " * ” „ ,,, slllts based 

cardiovascular lesion before admission, so that the ic- 
on treatment given under our own observation. 

Table I 

T hf Effect of Treatment on the Prolongation of Life in Aneurysm 
1 of the Aorta 


— : ' 

treatment 

TOTAL 

OASES 

LIVING 

DEAD 

DURATION OF LIFE UNTIL 
DEATH OR LAST OBSERVATION, 
MEASURING FROM 

ONSET OF 
SYMPTOMS 

START OF 
TREATMENT 

None or very little 

11 

1 ° 

11 

(I mouths 

0 months 

Equivalent of one course of 
an arsenical or one long 
course of a heavy metal 
(lV>-3 months) 

12 

1 

s 

4 ! 

34 months 

28 months 

Equivalent of one long course 
each of an arsenical and a 
heavy metal (3-12 months) 

S 

G 

o 

2S months 

43 months” 

More than one year of ade- 
quate treatment 

12 

7 

5 

G9 months 

ofi months 


In this group there were nve patients whoso aortic aneurysms wv.e - 

the course of routine physical examination (confirmed in each case hjiotntLUio 
graphic and fluoroscopic examinations), the patients having sufierert no sjmptoms 
referable to the aneurysm. 

In Table I appear the figures as to the ullimate out come and 1 lie 
duration of life in 43 patients with aortic aneurysm who received 
varying amounts of treatment. On the basis of the amount of treat- 
ment given the patients are divided into four groups: those who got 
none or very little (one or two injections of an arsphenamine product, 
or three or four injections of bismuth, or less than a month of mercury 
by inunction) ; those who were treated from six to twelve weeks (the 
equivalent of one arsenical course or one long course of a heavy metal) ; 
those treated from three to twelve months (roughly, the equivalent of 
a long course of an arsenical plus a long course of a heavy metal) ; and 
those treated for more than a year. In this and subsequent tables, only 
those patients are included who (a) are known to he dead or (b) are 
now in active attendance at the clinic, excepting in this group only one 
patient who was followed over eleven years but has not been seen for 
the last eighteen months. It is obvious at once that antisyphilitic 
treatment does accomplish something in the prolongation of life since, 
to compare the two extremes, all eleven patients who received no treat- 
ment, are dead in an average period of nine months from the onset of 
symptoms; while of those “adequately” treated, 7 of 12 are still alive 

and the average period from onset of symptoms to death or the present 
is sixty-nine months. 1 1 

Such a tabulation is always open to the criticism that the material 

the various groups is not strictly comparable, that the lesion in the 
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untreated group was more serious or more rapidly progressive than 
in the treated. To judge of the seriousness of cardiovascular syphilis 
is largely to deal in intangibles, but one can at least summarize the 
material on the basis of the duration of symptoms and the incidence 
of congestive cardiac failure prior to the starting of treatment. These 
data appear in Table IT. In the third vertical column is shown the 
number of patients in whom the aneurysm was discovered at the 
routine admission physical examination (always confirmed by fluoros- 
copy), though the patient had as yet suffered no symptoms from its 
presence. The presence or absence of congestive heart failure, both 
before and after the start of treatment, is also shown. The fact that 
in the well treated group symptoms before treatment had existed for 
an average of eighteen months as compared with an average of six 
months in each of the other groups, indicates that we have not selected 
unusually favorable cases for treatment. 

We have repeatedly been impressed with the fact that many patients 
who received only a small amount of treatment failed to return for 
more because such complete symptomatic relief was obtained that the 
patient thought he vras well. 


Table II 


The Relationship of the Duration of Symptoms and of Cardiac Failure to 
the Outcome of Treatment in Aneurysm 


TREATMENT 

GROUP 

TOTAL 

CASES 

average 

DURATION OF 
SYMPTOMS 
BEFORE 

TREATMENT 

PATIENTS 
SYMPTOM- 
LESS BEFORE 
TREATMENT 

] CARDIAC FAILURE 

BEFORE 

TREATMENT 

after 

treatment 

None or very little 

11 

6 months 

0 

6 

i 

4 

(in 6 cases 
no data) 

Equivalent of one course 
of an arsenical or one 
long course of a 
heavy metal (11/4-3 
months) 

12 

G months 

2 

3 

3 

(in 6 cases 
no data) 

Equivalent of one long 
course each of an 
arsenical and a heavy 
metal (3-12 months) 

s 

G months 

5 

0 

2 

(in 2 cases 
no data) 

More than one year of 
adequate treatment 

12 

IS months 

1 

3 

3 

(in 1 fas 0 
no d.ata)__ 


The effect of treatment on the prolongation of life in 98 patien^ 
with syphilitic aortic insufficiency (including the 8 miscellaneous p< 
tients mentioned above) is shown in Table III.*' In this gioup, 1 1 e 
larger number of patients permits a further subdivision on the has 


•Of the 45 living- patients in this group, all except 3 are still ^o^rpsnpcti'vely. 
treatment. These three were observed for four, six and eight years, respe 


or 
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„{ the amount ol treatment given Hum in the aneurysm group. Jlere 
also the same favorable trend is apparent, her example, of JK 
tients not. given antisypliilitic treatment, 20 are dead and the nu-in^e 
duration of life from the onset of symptoms to death or the present 
time (if living) is thirty-two months. At the other extreme, of - 
patients receiving more than one year of treatment, all are still living, 
at an average interval of sixty-five months from the onset of symptoms. 


Table III 


The Effect of Treatment ox the Prolongation of Life, ix Syphilitic 

Aortic Insufficiency* 


treatment 

total 

CASES 

LIVING 

DEAD 

DURATION OF LIFE UNTIL 
DEATH OR LAST OBSERVATION, 
MEASURING FROM 

ONSET OF 
SYMPTOMS 

START OF 
TREATMENT 

None or very little 

25 

0 

20 

32 months 

31 months 

Equivalent of one short course 
of an arsenical or one long 
course of a heavy metal 
(1 Vi-3 months) 

32 

! 

7 

■ 

2i> months 

■1 

Equivalent of two arsenical 
courses plus a heavy metal 
(3-6 months) 

10 

5 

0 

3! months 

31 months 

Equivalent of 3 arsenical 
courses (G-12 months) 

11 

s 

3 

54 months 

37 months 

More than one year of ade- 
quate treatment 

20 

20 

Ml 

05 months 

5 S months 


•Including’ 90 patients with aortic regurgitation, 3 with syphilitic myocarditis, .'1 
with syphilitic aortitis, and 2 with angina pectoris. 


Table IV 


The. Relationship of the Duration of Cardiac Symptoms and of Cardiac Failure, 
to the Outcome, of Treatment in Aortic Insufficiency 




AVERAGE 

PATIENTS 
SYMPTOM - 
LESS BEFORE 
TISEATM ENT 

CARDIAC 

failure 

TREATMENT 

GROUP 

TOTAL 

CASES 

DURATION OF 
SYMPTOMS 

BEFORE 

TREATMENT 

BEFORE 

TREATMENT 

after 

treatment 

None or very little 

25 

7 months 

1 

• 

II 

IT 

! 

11 

(in 16 eases, 
no (lata) 

Equivalent of one short 
course of an arsenical 
or one long course of 
a heavy metal (114- 
3 months) 

32 

1 

10 months 

1 

3 

17 

17 

(in S cases, 
no data) 

Equivalent of two ar- 
senical courses plus a 
heavy metal (3-6 
months) 

10 

3 months 

1 

4 

4 

(in 1 case, 
no data) 

Equivalent of 3 arsen- 
ical courses (6-12 
months) 

11 

la months 

0 

0 

7 

(in 2 cases, 

More than one year of 
adequate treatment 

1 20 

13 months 

5 

3 

1 
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111 these patients it is much more difficult to decide the question of 
the comparable severity of the lesion in the different treatment groups. 
An attempt is made in Table IV, on the same basis as in the aneurysm 
group. Here an outstanding- point is that the ultimate outcome is 
unfavorably influenced by the occurrence of congestive failure before 
treatment is started, although even a severe degree of failure does 
not necessarily preclude a favorable outcome. It will be noted that 
in 5 of 20 patients in the well-treated group, the aortic regurgitation 
was discovered at the admission physical examination, though as yet 
the patients had suffered no symptoms from its presence. In the re- 
maining' 15, however, symptoms had been present for an average of 
thirteen months before treatment was started, a period longer than 
in the least adequately treated groups; and three of the well-treated 
patients had had pronounced congestive heart failure before treatment. 

Table V 


Tiie Average Duration of Life in Treated Patients With Aortic Insuffiency 


TREATMENT 

GROUP 

TOTAL 

CASES 

PA- 

TIENTS 

LIVING 

AVERAUE DURATION 

OF LIFE FROM 

PA- 

TIENTS 

DEAD 

AVERAGE DURATION 
OF LIFE FROM 

ONSET 

OF 

SYMP- 

TOMS 

BEGIN- 
NING OF 

TREAT- 
MENT TO 
PRESENT 

ONSET 

OF 

SYMP- 
TOMS TO 
DEATH 

BEGIN- 
NING OF 

treat- 
ment TO 

DEATH 

None or very little 

25 

5 

52 mo. 


20 

22 mo. 

21+ mo. 

Equivalent of one 
short course of an 
arsenical or one long 
course of a heavy 
metal (iy>-3 mo.) 

32 

7 

■ 

49 mo. 

25 

21 mo. 

12 mo. 

Equivalent of tiro ar- 
senical courses plus 
a heavy metal (3-6 
months) 

10 

5 

48 mo. 

45 mo. 

5 

20 mo. 

16 mo. 

Equivalent of 3 arsen- 
ical courses (6-12 
months) 

11 

8 

60 mo. 

41 mo. 

3 

35 mo. 

28 mo. 

More than one year 
of adequate treat- 
ment 

20 

20 

65 mo. 

• 58 mo. 





The question of duration of life in this group is further analyzed m 
Table V, in which are shown the figures for living and dead patients. 
The fact that 5 patients who received no treatment whatever aie sti 
living after an average period of fifty-two months illustrates the extreme 
difficulty of evaluating the effect of treatment in an individual patient. 
Had these 5 patients been treated, one would be tempted to iegai t 
them as therapeutic successes. The only fair method of approaching 
the problem, therefore, is to estimate averages in a large numbei o 
fairly comparable cases. When expressed as in this table, the results 
are less striking- than when grouped as in Table III. The intangible 
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,., ctor inclinable of expression in fifOm-s is Hint of the 20 W oll-treat«l 
liviiljr patients; mnny more are partially or completely symptom , m 
and able to do some form of work than those less adequate!) in ated. 

SUMMARY AN!) CONCLUSIONS 

1. The treatment of cardiovascular syphilis is best accomplished In 
a combination of such routine medical measures as rest, restriction ol 
activities, and digitalis together with aiitisvphilitie treatment. 

2. An acceptable method of nntisypbilitic treatment is based on the 
avoidance of therapeutic shock (the llcrxhciincr reaction) and the 
therapeutic paradox by starting treatment cautiously with bismuth or 
mercury and the iodides, by the use of long courses of small doses of 
ncoarsphenamine or bismarsen. and by the prolongation oi tieatmenl 
for a minimum of two years with alternation ol these drugs. 

3. A study of 43 patients with aortic aneurysm demonstrates that 
life may be prolonged from an average of nine months from the onset 
of symptoms in untreated patients, to an average of sixty-nine months 
in patients receiving one year or more of such treatment. 

4. A study of 90 patients with aortic regurgitation and 8 with vari- 
ous other forms of syphilitic cardiovascular disease shows that life 
may be prolonged from an average of thirty-two months from the on- 
set of symptoms in untreated patients to an average of sixty-five 
months in patients receiving one year or more of such treatment. 

5. These data seem to demonstrate that, properly directed antisyph- 
ilitic treatment is of great value in cardiovascular syphilis. 

DISCUSSION 

7 )r. llorinc, Louisville, Ky. — This brings up :iu interesting point about which 1 
would like to ask Dr. Danglade. lie said the patients did not have aortic insuf- 
ficiency but had cardiac enlargement. What, produced the enlargement? 

Dr. Alexander Lambert, New York, N. Y. — In looking back over the experience 
of thirty-six years at Bellevue Hospital \vc can feel a degree of satisfaction in that 
w c can give a groat deal of benefit to cardiovascular syphilitic cases if we persist 
in some form of mixed treatment. The trouble is that as soon as patients get bet- 
ter they got careless and drop all forms of treatment and of course they retrograde. 
The idea that cardiovascular syphilis cannot be treated successfully is erroneous! 
The old idea was right that cardiovascular syphilis was the one thing that could be 
treated by mercury. That is the experience of more than one generation. 

77r. lIYa. 77. Reid, Boston, Mass. I analyzed the cases at the Massachusetts Gen- 
eial Hospital. There were three groups: (1) in which there was onlv slight troat- 
men , and m this the length of life averaged one year; (2) a group with moderate 

trenme” "T yC,,r8; “ ,,d (3) a S ro «P early and prolonged 

c.itment m winch many of the patients were able to go back to fall l 

work, and life was prolonged. “ *' Ujswul 

Dr E. P. Carter, Baltimore, Md.-Tl,is study has made very patent the f, f 
certain conditions, with proper supervision and proper tliei-nienhV ' * * 

accomplish a great deal in cardiovascular syphiliric T ’ n e T’ ^ Cn " 
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support a view, which is rather against the impression of some of the men in 
sj'phiiis clinics, that careful, systematic treatment of cardiovascular syphilis does 
add to the expectancy of life. 

Dr. A. G. Sullivan, Hot Springs National Park, Ark.— It would seem almost im- 
possible to make a diagnosis of syphilitic myocarditis. The myocardium is invaded 
by the spirochete, but it is extremely difficult to demonstrate clinically the signs and 
symptoms resulting from that invasion. They are probably due to interference with 
the coronary blood supply at the coronary openings in the aorta. Therefore, I was 
interested to know if these eases also had involvement of the aorta. 


Dr. E. P. Carter, Baltimore, Md. — I have the impression that there are cases in 
which one is justified in interpreting the condition as diffuse myocardial disease. I 
do not believe, however, that all round-celled infiltration is syphilis of the myo- 
cardium. We have had 5 cases of individuals between thirty and forty years of age, 
with marked cardiac failure, watched over a long period, and coming to autopsy with 
characteristic periarterial focal infiltration regarded by the pathologist as indicating 
the result of syphilitic change. One case had an acute pericarditis without endo- 
cardial disease. There were two eases of early luetic aortitis. The other had true 
involvement of the aorta. We have no justification for a positive statement that 
these lesions found histologicallj’ are due to the syphilitic virus. It is merely in- 
ference. We are not able to find the spirochetes. 

Dr. Danglade (closing). — These patients had cardiac enlargement without aortic 
insufficiency at the original examination. None of them had arterial hypertension. 
The only explanation I can think of is that the syphilitic process in the myocardium 
produced weakness with resulting dilatation. One patient came back nine months 
later much improved by treatment. The cardiac outlines were reduced, and at that 
time there was a very soft diastolic murmur in the aortic area. 

In the three cases mentioned we noted enlarged cardiac outlines (confirmed by 
x-ray) with widening of the aortic shadow but without aortic insufficiency. Their 
symptoms were those of myocardial failure, i.e., dyspnea, cyanosis, and dependent 
edema. There was nothing about the electrocardiogram that was conclusive .at all. 
All had positive serology. We followed them up for from two to fifteen months 
after leaving the hospital. The diagnosis of syphilitic myocarditis was made after 
prolonged observation and largely by exclusion. Treatment was started cautiously 
The end-results were very striking. Patients came around very slowly, but definite 
improvement was evident. All three patients mentioned arc alive and are maintain- 
ing their improved condition. 

We have repeatedly been impressed by the fact that patients lapsed from tic.it- 
ment because their symptoms were so promptly relieved. They considered them 
selves cured, only to return to the clinic anywhere from six to twenty-four months 
later because of the Teturn of symptoms. 

Dr. Moore (closing). — The most important thing in the discussion is reall} repeti 
tion. Dr. Wile made the statement four or five years ago that treatment of caidu’ 
vascular syphilis in the prearsplienamine days was satisfactory. Iben saharsan 
was introduced and used with misguided enthusiasm. I was one who made nns^ 
takes. The generation growing up now is impressed with the amount of haim 
was done, and some of them have returned to treatment consisting of nothing ^ 
rest and digitalis. I think it is clear that if we revise our methods of tieatment a 
include the use of antisypliilitic drugs with more caution, we shall get bettei 
suits in the treatment of syphilitic cardiovascular disease. 


PRINCIPLES UNDERLYING THE TREATMEN I 01 
CARDIOVASCULAR SYPHILIS 6 

Udo J. AVihe, M.D. 

Ann Arbor, High. 

T T IS not only difficult but may be said to be hazardous to lay down 
1 axiomatic rules governing the treatment of a syphilitic individua . 
In no disease of human pathology does the individual enter so largely 
into the treatment of: his ease as occurs in syphilis. Age. duration ot. 
infection, previous treatment, coincident disease of other nature, so- 
cial status, weight, and musculature are considerations ol. greatest 
importance which must be weighed in every case. However impor- 
tant these desiderata are in treating the patient with early diffuse 
syphilis, individualization becomes increasingly so when some particu- 
lar system of the body presents itself as a therapeutic problem due to 
syphilitic late changes. In discussing the treatment of syphilitic heart, 
disease, therefore, it is possible to lay down only the general principles 
which might govern the therapeutic procedures and to conform to the 
excellent general rule that each ease in the last analysis presents its 
individual therapeutic problem. 

From the clinico-pathological standpoint, we might first discuss the 
rare types of syphilitic heart disease which occur early in the course 
of syphilis. These represent a relatively small, little recognized, and 
unimportant group. The changes that occur later in the heart and 
great vessels make up a very large part of the clinical pathology of 
late syphilitic disease and present the most frequent and most serious 
of the syphilitic viseeropatliies. In the late group again we must dis- 
tinguish those in which syphilitic disease is still active and those cases 
in which we are dealing with the mechanical end-results of a condition 
which, while it may progress, does so by degenerative changes rather 
than by further inroads of the disease itself. In the early group are a 
few cases of myocardial involvement coincident with or following 
shortly after the exanthematous period. These are ordinarily ascribed 
to widespread invasion of the spirochete into the myocardium and 
consequent early degenerative changes. Occasional sudden death from 
failure is recorded in this group, and not infrequent attacks of syn- 
cope, of heart-block, and of angina-like attacks. In view of the 
paucity of cases of this kind, and of the meager observations in the 

11 ' S " 0t P0SSible 10 lay d0 '™ criteria for their 
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In a very small number of personal observations in which arrhyth- 
mia, tachycardia, heart-block, and sudden attacks of syncope have oc- 
curred, I have been impressed by the fact that this group responded 
well to energetic treatment in which the heavy metals have formed the 
background and in which the arsphenamines have been used sparingly. 
The relative infi equency of this group makes it seem quite possible 
that as occurs in other viscera, particularly the liver and kidneys, we 
may be dealing with subclinical heart involvement due to other causes 
in which the added insult of spirochetal invasion brings the picture 
into the foreground. 

In the later cases, we must distinguish as particular therapeutic 
problems the following groups: 

1. Energetically treated asymptomatic cases. 

2. Energetically treated eases in which cardiovascular dysfunction 
exists. 

3. Inadequately treated asymptomatic cases. 

4. Inadequately treated cases with cardiovascular dysfunction. 

To these four groups I -would add a fifth in which cardiovascular 

disease, symptomatic or asymptomatic, may exist with other clinically 
predominant- syphilitic visceropathies. 

Broadly speaking, Group I represents a type of case in which it is 
frequently wise even in the presence of serologic evidence to with- 
hold all treatment. Included here, the well compensated cases of aor- 
tic regurgitation are by far the most numerous, although included in 
it are also a few cases of subclinical aortitis and diffuse aortic dilata- 


tion. 

From a rather wide experience with cases of these types, I have seen 
many endlessly and futilelv treated in the effort to reverse a biological 
test. The continuous barrage of treatment in patients of this sort who 
have already had a good or fair background of therapy, in whom ade- 
quate compensation for their lesions exists, constitutes in my opinion 
a class in which more harm than good may be done by energetic anti 
syphilitic treatment. 

In the second group, that is, those energetically treated before the 
onset of cardiac disease, in which dysfunction exists, I would go fur- 
ther and state that during the stages of decompensation these cases 
should seldom if ever be treated as syphilis. The therapeutic pro e ^ 
is one of heart failure and the problem is a mechanical defect existm 
in a degenerated structure. Mercury, bismuth or arsphenamme. 
of no benefit, and in the presence of edema are definitely con i 

cated. ml> 

In Group III, cases inadequately treated early, and 1 a , 
tomatic cardiovascular disease, much I think maj e accom ^ 

judicious antisyphilitic treatment. To what extent we • 
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difii- 


jnhibit. tlie progress of such eases or keep them a si mpiom.iiu. is 
cult to detcLtac. No one who ever h» soon such coses m h.r,c nun,- 
ber can fail to be impressed with the fact that many oi (hem remain 
in a status quo, their physical signs remain, though occasionally even 
changes for the better are noted, and cardiac dysfunction is dehnileU 
postponed for them. Not. a small part of their improvement must, oi 
course be due to the dispersion of syphilitic residua in other organs oi 
the body, as well as in the bone marrow, spleen, and lymphoid tissues. 
The presence and persistence of such foci remote from the heart it soli 
must also be recognized as contributory factors in the ultimate enidiae 
failure in untreated eases. 

In the fourth group, inadequately or Untreated eases in which car- 
diac dysfunction exists, we are faced with a very delicate therapeutic 
problem. These cases again should, I think, seldom ii' ever be treated 
for syphilitic disease during the stage of decompensation. After 
proper rest, digitalization, and other treatment resulting in the build- 
ing up of their cardiac reserve, judicious treatment on conservative 
lines directed to the old syphilis is of unquestionable benefit. 

Not only are the active foci in the heart, itself, and the great vessels 
beneficially affected in this way, but the. remote syphilitic lesions in 
other parts of the body with their contributory degenerating effects 
are dispersed. 

Of particular importance, I think, at this point, is the emphasis that 
the arsphenamines are not: the drugs of choice. I am satisfied from a 
large number of observations that more harm than good is accom- 
plished by the energetic antisyphilitic treatment, of cases recovering 
from heart failure in this group. Absorption of syphilitic residua and 
replacement by fibrosis seem safer when slowly accomplished than 
when induced by energetic therapy. Iodide of potash and mercury or 
more lately bismuth in moderate closes have in my hands been happier 
choices than the arsenicals. This group in fact represents one of the 
few indications where ingested mercury or mixed treatment may ju- 
diciously be used, at least in the beginning 

Up to a few years ago, a series of experiences in which I had seen 
the use of the arsphenamines result in dysfunction and not infrequently 
m death led me to advise against them in any case of cardiovaseulal 
syphilis. However, with the introduction of tryparsamide into the treat- 
ment of neorosypMlis, I ™ early convinced of its great 
m certain cases of cardiovascular syphilis, especially in aortitis and 
ceitam early aneurysmal dilatations. Perhaps from ih r 

S tonic effect, perhaps because of 

itself, its judicious use is attended with a remirHWo i™ 1 
color, strength, and gain in ,vemht so fl, improvement in 

place in the treatment of selected — ^ 7 ™ t0 ment a reaI 


cases. As in the case of the other 
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arsenicals, however, it should never be used when decompensation is 
present or where this has already occurred. 

The group of cases in which coronary disease is apparently present 
or suspected from the clinical picture are variously influenced by anti- 
syphilitic treatment. Some seem markedly benefited, others are not 
influenced and a third group is made definitely worse. My own expe- 
rience lias impressed me with the analogy of these cases to those of 
cerebral thrombosis. In this condition, the cases occurring relatively 
early in the disease, particularly in young persons, seem to he greatly 
benefited and many are arrested or cured by treatment. The later 
group and particularly older individuals respond less well. 

The same seems to hold true with eases of apparent cardiac disease 
with associated anginoid pains. In both the cases of coronary disease 
and where angina pectoris as a syndrome is present, the best results 
are obtained by mercury, bismuth and iodide rather than by the ars- 
plien amines. 

Late eases of aneurysm with marked signs and symptoms have in 
my hands been disappointing in their response to antisyphilitic treat- 
ment. This failure to improve takes on added interest in the presence 
of response in the same patient to other syphilitic processes. I have 
on several occasions seen cutaneous gummas and syphilitic hepatitis 
completely relieved as symptom complexes in patients whose aneu- 
rysmal process was in nowise benefited. 


SUMMARY 


The treatment of the syphilitic heart disease is always a treatment 
of the individual patient. Such cases as are amenable to antisyplulitic 
regime respond well if not pushed too hard and if treated before de- 
compensation has occurred or after it has been temporarily relieved. 
The mechanical end-results of syphilitic disease of cardiovascular na- 


ture are in no way influenced by antisyphilitic treatment. In those 
cases of cardiovascular syphilis in which benefit is achieved, this oc- 
curs not only because of dispersion of active processes in the affectec 
part of the cardiovascular system, but in a large measure is due to the 
dispersion of remote foci elsewhere in the body. 

Such foci in untreated cases must act as predisposing and contribu- 
tory factors in the ultimate breakdown of the cardiovascular system. 
Fully compensated cases of cardiovascular syphilis which have a " oOC 
background of early treatment are frequently cases which nee. no 
and should not be treated. Except for tryparsamide in certain se 
lected eases of aortitis, better results are achieved by the consei va u 
use of mercury, bismuth and iodide than by the arsphenamines. 
comments are not intended as dogmatic, incontrovertible state 
of fact, but are based entirely upon personal experience. 


SYMPOSIUM ON CARDIOVASCULAR SYPHILIS 


](>1 


CLOSING DISCUSSION OP SYMPOSIUM 

- T . Vn „ v a t y One of the hazards of a symposium of 

Dr. Haven Emerson, ^e\\ Toik, x . . i\,’ith rare exceptions 

rrssrs £ .r 

claimed are not significant, the probable error is of a high dtgiu, • 

elusions are not statistically justified. ...... , VI ,„ 

In using the mathematical expression of accumulated facts it is j 
member that comparability, objectivity, and reliability of the observed iaets are 

of prime importance. 

The statistical method may indicate the trend of facts toward certain emu hi- 
sions. The critically controlled experiment is usually needed to give, a conclusive 
answer to any question susceptible of scientific proof. The trend of many of the 
observations reported here today is indicated, but only by much more rigorous critical 
analysis can these be accepted as valid in view of the paucity of original data and 
the Inch of controlled experiment. 


Dr. Edison, St. Paul, Minn. — I think we would like to carry away with us a 
definite impression of the value of treatment in cardiovascular syphilis. As we 
listened to the various speakers, we note that they draw their material from dif- 
ferent types of patients — from private practice, from hospitals, and from dis- 
pensaries. AYc are confronted by the fact that prognosis is influenced by the type 
of treatment and the type of lesion. Dr. Herrmann shows that his patients got 
treatment only for from ten days to two weeks on an average. Dr. Danglade used 
mercury from three months up to sixty-five months. My own experience is in be- 
tween these figures, and is drawn from both clinical and private practice. I use 
mercury for three months, then after a rest I give arsphennmine, 0.05 to 0.15, never 
giving more than 0.3 gm. I have 10 patients still alive six to ten years after begin- 
ning treatment. 


Dr. S. R. Roberts, Atlanta, Gn.-~ As clinicians, and not statisticians, T think that 
the impression should go out that we need not be discouraged from drawing con- 
clusions from cases. AVhilc statistics do show trends, wo need not be too pessimistic 
AYe do not have to wait for thousands of cases before publishing our results. After 
all, statistics are made up of the sum total of little things. 


A preliminary note on “The Treatment of Syphilitic Aortic Wgitntion with 

r re/ ; y ? s - • own 8 ! :: 


<J£ “;;™ e s c ~ 5* f 

issue of the American Heart Journal. ^ ' S m fu5! 111 tlle 0e bbcr, 1029, 

SYPHILITIC CORONARY OCCLUSION IN AORTIC INSUI-WCIEIfCr 

J- H. Cannon, m.D. 

ChakiaEston, S. C 
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It would seem, therefore, that in young adults with syphilis and aortic insuf- 
ficiency who do not exhibit the usual compensatory hypertrophy and whose progress 
is rapidly toward a fatal outcome, one may reasonably presume the involvement 
of one or more of the coronary openings in the syphilitic process. 

ABNORMAL ELECTROCARDIOGRAMS IN PATIENTS IVITH SYPHILITIC 

AORTITIS 

Irving R. Juster, M.D., and Harold E. B. Pardee, M.D. 

New York, N. Y. 

(Summary.) Of 50 patients with syphilitic aortitis who were studied, two-thirds 
had aortic insufficiency and one-third did not; about one-third had aneurysm; 5 had 
both aortic insufficiency and aneurysm. 

In general the patients with aortie insufficiency were older than those without; 
shortness of breath was their chief complaint, though pain in the anterior chest was 
frequent, and almost one-third complained of edema. All but one showed a systolic 
murmur at the aortic area. 

The electrocardiogram showed an abnormal T-wave in 85 per cent of these pa- 
tients, and in 20 per cent it was of the coronary type. It was abnormal in only 
3S per cent of those without the valve lesions and 1 case (7 per cent) showed a 
wave of the coronary type. 

Ten autopsies were obtained on these 50 cases, and from a study of the autopsy 
material and the electrocardiographic records it appeared that the abnormality of 
the T-wave is probably due to encroachment upon the lumen of the coronary 
orifices by the syphilitic disease in the sinuses of Valsalva. The greater frequency 
of the T-wave changes in the group with aortie insufficiency is due to the fact that 
in these patients the aortitis involves the region of the valves near which the 
coronary arteries originate. 

Changes in the T-wave of patients with syphilitic aortitis should be viewed as an 
indication of serious coronary involvement, but not necessarily as an indication of 
myocardial pathology. 

This observation has an extremely' important bearing upon our general undei- 
standing of the causes of abnormality' of flic T-wave. 
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It was decided to approach the solution of this question from the 
standpoint of the microscopic diagnosis of syphilitic lesions, as this has 
never been carried out before on any large series of cases. In the 
twenty years, 1909 to 1929, there were in the Pathological Laboratory 
of the University of Michigan, 1675 autopsies on individuals over 
twenty-five years of age. Of this number, there were 408 males and 86 
females that showed the microscopic lesions of active latent syphilis. 
These lesions consisted of characteristic perivascular infiltrations of 
lymphocytes and plasma cells around small vessels, with obliteration 
of the arterioles and resultant fibrosis. In about 50 per cent of eases 
the presence of spiroclieta pallida was demonstrated in this lesion. 
The highest incidence of these lesions was found in the aorta ; 97.6 per 
cent of cases for the first decade, 1909 to 1919 ; in 86.3 per cent of cases 
for the second decade, 1919 to 1929. 


Table I* 


YEAR 

TOTAL AUTOPSIES 
OVER 25 YEARS 

MALES WITH 

LATENT SYPHILIS 

FEMALES WITH 
LATENT SYPHILIS 

1910 

11 

1 

0 


1911 

20 

3 

1 


1912 

26 

5 

1 


1913 

24 

8 

3 


1914 

31 

10 

0 


1915 

3o 

17 

4 


1916 

48 

19 

3 


1917 

90 

36 

9 


1918 

40 

16 

-3 


1919 

61 

20 

3 


1920 

94 

26 

4 


1921 

84 

22 

7 


1922 

95 

18 

5 


1923 

116 

23 

8 


1924 

133 

25 

6 


1925 

137 

33 

G 


1926 

199 

48 

8 


1927 

203 

33 

5 


1928 

177 

32 

8 


1929 

51 

13 

2 



1675 

408 

86 


‘Cases of latent syphilis occurring in autopsies on adults over twenty-flw year^ 
of age, in the Pathological Laboratory of the University of Michigan, dun g 


Ui All A O. 

last twenty years. 


The distribution of these microscopic lesions of latent syphilis in tie 
various organs and tissues is shown for the first decade in Table , 
and for the second decade in Table III. These percentages show t ie 
preponderance of the aortic lesions over all others, followed by ie 
meninges, testis and heart. 

The microscopical study of the heart and coronary vessels shows t e 
following: In 169 cases of syphilis (1909 to 1919) there weie ^ 
three cases of coronary sclerosis without thrombosis, nine eases ^ 
syphilitic disease of the coronaries, one case of coronary throm os 
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Kin 


and sclerosis, and no case with a clinical history oi angina pectoris. In 
this decade there were thirteen cases of sudden death without previous 
anginal history, in the 169 eases of syphilis. Nine of these eases showed 
marked coronary sclerosis without evidence of syphilitic coronary in- 
volvement; four cases showed the lesions of coronary sclerosis and 
syphilis. In nine of these cases there was a diffuse interstitial myo- 
carditis of the syphilitic type; in four only was there a microscopic 
picture of myocardial infarction. 


table ir 


TISSUE 


TOTAL NO. ” IT.!! CENT NO. 

EXAMINED SYPHILITIC SYPHILITIC .SUSPICIOUS 


Spinal cord 

8 

Brain 

3G 

Meninges 

40 

Aorta 

1G3 

Heart 

109 

Liver 

1G5 

Adrenals 

153 

Pancreas 

103 

Testis 

137 


4 

50.0 

39 

52.71 

39 

97.5 

159 (G aneurysms) 

97.0 

113 (3 aneurysms) 

00.9 

40 (4 gammas) 

27. S 

47 

30.7 

72 

44.1 

118 

80.1 


07 Lesions of Latent Syphilis In HID Cns.-s of 

syphifftics' ’ " ‘ S autopsies over 25 years of mm, lOOD-UUfi. 


Syphilis 

• 15 ." 


•I 

"1 

i:i 

1 

■5 


042 uuiK*. 
•‘■•lit Jnt<nt 


Taiiu: lit' 


TISSUE 


Spinal cord 

Brain 

Meninges 

Aorta 

Heart 

Liver 

Adrenals 

Pancreas 

Testis 


TOTAL 

EXAMINED 


GO 

10s 

202 

327 
330 

328 
320 
328 
204 


NO. 

SYPHILITIC 

o 


1T.P. CENT 
SYPHILITIC 


17 


- 15.0 

71 ( -1 gummas) 3!>.<i 

1GS ( 2 gummas) 83.2 

282 (29 aneurysms) SO, 3 
23 G ( 2 gummas) 05.5 

102 (12 gummas) .31.1 

M5 ( 1 gumma)' 45. 3 

98 ( 2 gummas) 29 S 

2 °3 70.5 


NO. 

SUSPICIOUS 


•1 

« 

0 

10 


»»kVSNVJ! c SS S-MII. <ra ’li™: 

BWK.-- « - ~ .ZSZZZ 


Table IV 

1909 ™ ms - 335 .* »*», ovkr Vl ,„, . 

of Syphilis Showing 0> Aok - w,Tn m C.\s 


Coronary sclerosis 
Coronary syphilis 

i"S’U'S bosis “ ,ia «*»«*> 

Sudden deatli 

Ss si; 2 co '°"^ 

Sudden deatli wit ^ OTOnar y syphilis 
Sudden death with ,i;n° e " irc i; ^ infarction 

Myocardiaf infarction^ n,yocnrfllt *» 


53 

9 

1 

0 

13 

9 

4 

4 

9 

4 

0 
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III the decade 1919 to 1929, in the 332 cases of latent syphilis there 
were 172 cases of coronary sclerosis, and 55 eases showing syphilitic 
lesions of the coronaries, including- one case of gummatous coronary 
arteritis. In this group there were five cases of coronary occlusion by 
thrombosis ; four of these were associated with coronary sclerosis alone 
and one with syphilis of the coronary. There were six cases of angina 
pectoris in this group; five of these were associated with coronary 
sclerosis alone, one with syphilis of the coronary main branches. There 
were twenty-five cases of sudden death in this decade in the syphilitic 
group ; in thirteen of these the coronaries showed arteriosclerosis 
alone ; in twelve cases there were lesions of syphilis in the coronaries, 
six of these showed both syphilis and sclerosis. Eleven of the cases of 
sudden death showed myocardial infarction ; fourteen showed no in- 
farction, but the picture of a chronic diffuse interstitial myocarditis 
with fibrosis. Five of the cases of myocardial infarction were associ- 
ated with occlusion due to coronary sclerosis alone ; six were associated 
with both sclerosis and lesions of syphilis. 

Table V 

1919 to 1929. 1289 Autopsies in Patients Over 25 Years of Age, with 332 Cases 

of Syphilis Showing 


Coronary sclerosis 172 

Coronary syphilis (1 gummatous arteritis) 55 

Coronary thrombosis 5 

Coronary thrombosis with coronary sclerosis ' 4 


Coronary thrombosis with coronary syphilis 1 

Angina pectoris ® 

Sudden death 25 

Sudden death with coronary sclerosis 13 

Sudden death with coronary syphilis 12 

(With both sclerosis and syphilis, 6) 

Sudden death with myocardial infarction H 

Sudden death with diffuse myocarditis 11 

Myocardial infarcts with coronary sclerosis 5 

Myocardial infarcts with coronary syphilis 0 

Myocardial infarct s with sclerosis and syphilis £ . 

Coronary Syphilis . — Syphilis of the coronaries involves most fre- 
quently the smallest intermuscular branches ; only rarely are the mam 
divisions the seat of active syphilitic lesions. In the latter the piocess 
is usually of the nature of a periarteritis, the small vessels of t ie 
adventitia showing perivascular infiltrations and fibrosis, iesultm D 
eventually in obliteration. Sclerosis of the intima invariably iesi s, 
and syphilis must be regarded as one of the causes of coronal y sc eio 
sis, as it is of aortic. As aortic syphilis is always associated with cou^ 
nary syphilis, the mouths of the coronaries may show the most marie^ 
sclerosis; in some cases they may be occluded by this process. n 
vere aortic syphilis this involvement of the coronaries may be him e 
the first few millimeters, rarely more than 1 to 2 centimeters, of the m^^ 
coronary. In our experience this occlusion of the coronary m 
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associated with syphilis is due chiefly to the secondary sclerosis pro- 
duced by the syphilitic process, and rarely by active syphilitic infill 1 ii- 
tion or proliferations, which are present about the rasa vasonnn in the 
neighboring 1 aortic wall, and about the small nutrient peiiiaseulai 
branches of the main coronary. In only one ot. our eases did throm- 
bosis occur in the partially occluded mouth of the coronary. .An actiio 
proliferating endarteritis due to, or associated with, active syphilis is 
relatively rare in the larger branches of the coronaries. Gummatous 
arteritis was found in one very active case of syphilitic aortitis and 
myocarditis. In one case only was the coronary thrombosis directly 
associated with an active syphilis of the coronary vessel ; in four other 
eases the thrombosis was due to the secondary coronary sclerosis asso- 


rts. 



1. Active syphilitic perivascular ^filtration „ f s „„n s „ bo pic„ B ,,„ ccrouary 


coronary and its braneliP* ‘ \ ^ n olvement of the rig] 

common in cases of congenital ^lhdn ° ^ Tlv ^ ?’ althou ff ] » moi 

extremely rarely the result of a ™ ' l \ 0 ™ r . chnl lnfai ' ctK) » is In 

coronary vessels; in the oTeatmaiof-i G f P nhtle lnvol vcment of tl 

by occlusion by the atherosclerotic 1°/ T* th ° infarctio » is eause 
without thrombosis. Syphilis of tlm „ lt ,® la ^ on of t5ie ltu “en, with c 
leads to a slow atrophy and fibrosis of the 7 0±> the cor(rnari < 

2 “ - anemic necrosis of th e ZTT ^ i’ ** 

the essential pathological condition K Cardlac ^arction : 

"■ouia seem to be in our W « 

J 1 nils to produce infan 
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tion of the muscle would account for the rarity of an angina pectoris 
history in our cases of active coronary syphilis without secondary 
sclerosis. 

When we compare the nonsyphilitic eases coming to autopsy durirw 
the same two decades, we find that in 1174 nonsyphilitic autopsies there 
were 412 eases of coronary sclerosis, with six cases of well-defined 
clinical angina pectoris, eight cases of coronary thrombosis and eight 
eases of myocardial infarction. In two cases sudden death from coro- 
nary thrombosis and myocardial infarction occurred without a history 
of angina. 

Table VI* 


PERIOD 

NO. 

AUTOPSIES 

CORONARY 

SCLEROSIS 

ANGINA 

MYOCARDIAL 

INFARCTION 

CORONARY 

THROMBOSIS 

1909-1919 

217 

52 

1 

1 

1 

1919-1929 

957 

360 

5 

7 

7 


‘Distribution of Coronary Sclerosis, Angina, Myocardial Infarction and Coronary 
Thrombosis in the Non-Syphilitic Autopsies in 20-year period, 1909-1929. 


In Table VII the percentages of coronary sclerosis, angina, coronary 
thrombosis and myocardial infarction are compared for the two dec- 
ades. For 1909 to 1919 the percentage of coronary sclerosis in the 
nonsypliilitie autopsies was 24 per cent, for the same decade it was 
31 + per cent in the syphilitic autopsies. For the decade 1919 to 1929 
the percentage of coronary sclerosis in nonsyphilitics was 38 per cent, 
in the syphilitic autopsies it was 52 per cent. The percentage of an- 
gina in the nonsyphilitic autopsies of 1909 to 1919 was 0.46 per cent, 
in the decade 1919 to 1929 it was 0.53 per cent. In the syphilitic cases 
there was no ease of angina in 1909 to 1919 ; in 1919 to 1929 the per- 
centage of angina cases was 1.8 per cent. In the decade 1909 to 1919, 
in the nonsypliilitie autopsies the percentage of eases of myocardial 
infarction was 0.46, for the decade 1919 to 1929 it was 0.i4. In the 
syphilitic autopsies the percentage of myocardial infarction was 2.4 
for the decade 1909 to 1919, and 3.3 for 1919 to 1929. 


Table VII 


Percentages in Nonsyphilitics 


PERIOD 

NO. 

AUTOPSIES 

CORONARY 

SCLEROSIS 

angina 

1909-1919 

217 

24% 

0.46% 

1919-1929 

957 

38% 

0.53% 


Percentages in 

■ Syphilp 

1909-1919 

169 

31-f% 

0 

1919-1929 

332 

52 % 

1.8% 


MYOCARDIAL 

INFARCTION 


0.46% 

0.74% 

2.4% 

3.3% 


CORONARY 
thrombosis 
W46%" 
0.74% 

0.58% 

1.5 % 


The most important thing revealed by the comparison of these c arj 
is the fact that coronary sclerosis, angina pectoris, coronary tIirom 
sis and myocardial infarction have a higher rate of incidence m ‘ \ 
syphilitic eases than in the nonsyphilitic. The significance of ie 
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farts must be that syphilis predisposes to the production of coronary 
atherosclerosis rrith its attendant pathology. While coronary oecHn 
sion, thrombosis, myocardial infarction and angina pectoris axe wue > 
the direct result of active syphilitic lesions of the coronaries, thej < 
occur more frequently in the syphilitic, because of the more maikec 
tendency possessed by the latter to develop severe grades of secondary 
atherosclerosis of aorta and coronary branches. Syphilis, therefore, 
secondarily and not primarily, is an important factor in the proc no- 
tion of coronary disease and its concomitant angina pectoris.- 

Still more important is the relationship shown to exist between la- 
tent syphilis and sudden cardiac death, as given in Table VIII. Sud- 
den death due to cardiac decompensation and dilatation was almost 


Table VIII 

Relation op Sudden Death to Coronary Sclerosis and Coronary Syphilis in 
501 Cases of Syphilis in Years 1909-1929 


Sudden death with coronary sclerosis 22 cases 

Sudden death with coronary syphilis - 10 cases 

Sudden death with coronary sclerosis and syphilis 0 cases 

Sudden death with diffuse myocarditis 23 cases 

Sudden death with myocardial infarction 15 cases 

Sudden death with coronary thrombosis 6 cases 

Sudden death with coronary thrombosis and sclerosis 5 cases 

Sudden death with coronary thrombosis and syphilis 1 case 


five times as frequent in our latent syphilitics as in the nonsyphilitics. 
Many of these cases were coroner’s autopsies. This bears out the writ- 
er’s contention as to the importance of cardiac involvement as the fre- 
quent cause of death in the syphilitic. Syphilis acts both primarily and 


secondarily upon the heart. As a secondary factor it plays a large part 
in the production of aortic and coronary sclerosis; as a primary factor it 
produces myocardial insufficiency through the slow production of an 
interstitial fibrosis. Twenty-three of our cases of sudden death showed 
this lesion alone. In every one of these cases evidence of latent syphi- 
lis of the myocardium was found on serial sections, in the form of an 
increase of stroma cells and localized collections of lymphocytes and 
plasma cells Valvular lesions were not present in any one of these 
cases. V? e therefore conclude that : 


auenf 0 'T ” 5 ° f ““ larger coronai 'J’ l»™cb es are mfre- 

S or ‘ he — • « ^ t0 

aortrT*’ 

ant cardiac pathology. ‘ TC SC eiosls their result- 
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3. Sudden cardiac death was almost five times as frequent in the 
syphilitic as in the nonsyphilitie autopsies. In the majority of eases 
this was due to cardiac insufficiency and dilatation, resulting from a 
diffuse interstitial myocarditis of slight degree, leading eventually to 
fibrosis. 
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THE PATHOGENESIS OP 


BROWN INDURATION OP THE LUNG’ 5 


Eli Moschcowitz, M.D. 
New York, N. Y. 


T N A PREVIOUS paper 1 I showed that brown induration of the hm a 
1 results only from those forms of cardiac disorder that are accom- 
panied by a hypertension of the pulmonary circuit. These aie, m ie 
order of frequency, mitral disease (especially mitral stenosis) , em- 
physema, pleural adhesions, marked diminution in lung volume irom 
whatever cause, certain cases of marked scoliosis, open ductus Botalli 
and communications between both sides of the heart. In uncompli- 


cated aortic lesions, in which an increased pressure in the pulmonary 
circuit does not occur (except, perhaps for a short period in the tei- 
minal stage of heart failure) I have failed to find brown induiation. 


Furthermore, such lesions are never found unless arteriosclerosis of 
the grosser trunks of the pulmonary artery is present. Indeed, arterio- 
sclerosis of the pulmonary vessels is practically never found except 
when a condition causing hypertension of the pulmonary circulation 
is present; so that one may say that arteriosclerosis limited to the 
pulmonary artery is pathognomonic of hypertension of the pulmonary 
circulation. This relationship is furthermore definitely demonstrable 
in the utter independence in the incidence of arteriosclerosis of both 
greater and lesser circulations, and furnishes strong support for the 
thesis that arteriosclerosis is due to intravascular tension and to no 
other factor. The detailed reasoning whereby this conclusion was 
reached lias been submitted. 2 


Associated with arteriosclerosis of the pulmonary arteries lesions of 
the capillaries are manifest that are pathognomonic of hypertension 
of the pulmonary circulation. Indeed, these lesions are so characteris- 
tic that they enable one by microscopic observation alone to diagnosti- 
cate unerringly gross arteriosclerosis of the pulmonary artei'ies. The 
development and senescence of these capillary changes dominate the 
pathogenesis of the pneumonia of heart disease, and it is for the eluci- 
dation of this thesis that this study is submitted. 

Normally, the capillaries of the uninjectecl lung are hardly visible 
Here and there one notes a narrow slit, usually containing a single red 
blood cell. The connective tissue wall of the alveolus is narrow, uni- 
form in thickness, and, with the exception of an occasional bulge of 
the lini ng epithelium, the alveolar lining is smooth (Pig. 1). 

T o rk* Ci ty ^ April , 6 193 0 * he American Socie ^ ot Pathologists and Bacteriologists. New 
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In the earliest phases of the lesion, the alveolar wall appears beaded 
The capillaries are distinctly dilated and the walls are thickened (Fig. 
2). In cross-section the capillaries bulge into the alveolar space. In 
more advanced cases, the dilatation of the capillaries and the thicken- 
ing of their walls become more pronounced so that the alveolar wall 
becomes much thicker than normal and the beaded appearance be- 
comes more pronounced (Pig. 3). In this stage, one can already note 
a profound increase in the connective tissue content of the alveolar 
wall, this increase consisting almost entirely of the enormously thick- 
ened capillary walls. In the latter stage of this lesion, the connective 



Pig-. 1. — Section of normal lung. 


tissue content of the alveolar wall becomes comparatively enormous 
(Pig. 4). The connective tissue is rather cellular, the wall is muci 
thickened, and there is a corresponding narrowing of the alveo ax 
space, accounting in a large measure for the diminution in vital C ^P^ C 
ity in heart disorders (Peabody 3 ). In some areas hyalinization o t ie 
connective tissue is apparent. The capillaries in this stage haie e 
come to a great extent obliterated. In the terminal phases, the ®P 
tion of connective tissue in the alveolar wall is so great 
alveolar space becomes but a narrow chink, and the lining epit e 1U ^ 
as is the case in all sclerosing organs, reverts to the appeaiance 
the embryonal lung. Capillaries are almost entirely absent, ® 
vessels persisting in these areas being the greatly sclerosed a 
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Fig:. 


2.— Early 


stage of arteriocaplllary fibrosis of the lung consequent to mitral 
stenosis, showing dilated and thickened capillaries. 
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Fig. 3, More advanced stage of arteriocaplllary fibrosis of the h,n„ "" 
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and the grosser pulmonary vessels (Figs. 5 and 6). These changes 
are commonly seen in lungs that have been infareted, hut infarction 
is not the only cause of the increase in connective tissue. One can see 
in the immediate vicinity of such areas profoundly sclerotic arterioles 
with the lumen almost obliterated by intimal thickening. Unquestion- 
ably, therefore, diminution in the blood supply is in a large measure 
responsible for the connective tissue increase. 

Grossly, the physical character of the lung corresponds to what we 
would expect from the microscopic appearance, varying from the sue-' 
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Fig-. 4. — Advanced stage of arteriocapillary fibrosis of the lung, consequent to mitral 

stenosis. 


culent, slightly tough organ of the earliest stage to the dense, carneous, 
fibrous and contracted lung of the terminal stage. 

In summary, the capillary lesions of arteriosclerosis and. hypeiten^ 
sion of the pulmonary circulation represent a true arterioeapil arj 
fibrosis, a term first employed by Gull and Sutton to connote corie 
sponding ebang'es in lesions of the greater circulation associated wi 
hypertension. 

In fact, the resemblance between the capillary lesions of the lun e 1 
hypertension of the pulmonary circulation and of the capillaues ^ 
hypertension of the greater circulation is striking ; indeed, in a m0 . 
every respect the appearances are identical. Both grossly and mie ^ 
seopically, the lesions in the lung represent, the same stages as n i 
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witnessed in the kidney in essential hypertension of (lie greater circu- 
lation. Just as in the kidney, where one can place in series organs 
that reveal only minimal changes in the early stage up to those of 
profound contraction in the. terminal stage, so in the lung one can 
trace lesions that vary from the slightly earneous lung to that of the 
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duced. It is the same, therefore, whether the resistance arises in 
the mitral ring from a tight stenosis, or within the capillary bed, as 
in emphysema. Inasmuch as emphysema is in most instances a disease 
of advanced life, arteriosclerosis is present not only in the lesser but 
also in the greater circulation, in the latter as the result either of an 
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, . , ,. , i r rnm envcliac laihE'e, ■' tjuo 

years of age, lending to a iatal «'>= ‘ ^ ^ E - |ol 

phenomenon in a person so > oim e . ' . 

L. other reasons; beeanse the artenocapilhiry f.lnoss nas nioio 
"than any i hare ever seen; heeanse it revoaUn! an — ■ 

portnnity to study the lesions of bronchial asthma; ami fmallj, be- 
cause tta patient was followed clinically from almost the beginning «' 
the disease to its termination. 

CASE REPORT 

D 11, aged 2S years, when seen by me m 1923 gave a history of having suffered 
from bronchial asthma for two and a half years. There was no history of asthm. 
or any of the allergic diseases in her family. Tor fonr days there had been cough 
with fever. She had a wheezing dyspnea, and there were sibilant nn< sonorous 
idles throughout both lungs; there were dullness and diminished breathing at the 
right base with a few moist rules. The breathing was diminished also m the right 
upper lobe. The spleen was palpable. The hlood pressure was MO/SO mm. 
Hemoglobin 95 per cent, red blood cells -1,750,000, leucocytes 0,100, polymorphic 
nuclenrs 80 per cent, lymphocytes 19 per cent, monocytes 1 per cent. The sputum 
showed a number of Curschmann ’s spirals and some clastic tissue, but no tubercle 
bacilli. Culture of the sputum demonstrated nnhemolytie and hemolytic streptococci 
and Micrococcus catarrhalis. Blood Wasscnnaim reaction negative, llocntgciiograms 
showed a pneumonia with pleuritic deposits over the right lower lobe and an adherent, 
right diaphragm. The patient recovered from the bronchopneumonia and was 
discharged at the end of two weeks. Skin sensitization tests showed positive reac- 
tions to rye and cheese. 

After a remission which lasted a few months the asthmatic attacks recurred, and 
until her admission to Mount Sinai Hospital on February 1, 1929, she was prac- 
tically ucvct free. She wandered about Europe and America without, relief from 
any climate or medication. Five or six years ago edema of the ankles began and 
slowly spread upward involving the cniirc lower extremities. On admission there 
was a scarlet flush extending to the mid-thigh of two or three days' duration and 
attended by soreness and pain. There were also weeping ulcers of ten weeks' 
duration and tender. For seven months a progressive swelling of the abdomen 
had been noted. A few years previously there had been progressive diminution of 
the menstrual flow; three months later there was amenorrhea which persisted. The 
previous frequent cough with profuse white, tenacious expectoration had become 
considerably lessened. 

Physical Examination.— She was acutely dyspncic and orthopneie. The chest 
expansion was considerably limited; marked supraclavicular retraction: the pul- 
monary resonance was increased. The breath sounds were vesicular, the expiration 
prolonged. There, were a few high and low pitched musical rales. The voice and 
fremitus were unchanged on auscultation. The heart, was much enlarged, especially 
o the nght There was a high pitched, musical murmur at the apex ransn ted 
toward the sternum. At the base of the heart there was a systolic murZ^-v! 

So r° r~- 

jrjErasw £.*£ 

to twice the si« by mScd uitti™ !?, T!* "?** «*» «* 

Ml both logs were covered with a greyish slough The™, lrrcgul!u ', ;,V ' :iY1<w ulcers 
buttocks. There was a. ei„hhi, e „ f the T ,„ *££££&££ 
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leucocytes 9,600, polymorphonuclear SO per cent, eosinopliiles 4 per cent, lympho 
cytes 10 per cent, monocytes 4 per cent. The blood urea was 18.0 mg., cholesterol 
-16 mg., glucose 107 mg. per 100 c.e. The urine varied in quantity between 400 
and 600 c.e. a day, and revealed a trace of albumin the first day but none there- 
after. The pulse rate varied between 100 and 120; the temperature was normal. 
Roentgenograms showed “marked enlargement of the heart to the right and to the 
left, due to advanced mitral lesion.” The lungs were much congested. There was a 
pneumonic process occupying the mesial portion of the right lower lobe. In the 
right lung there were a number of small shadows which are probably due to 
emphysematous areas in the lung. 

The diagnosis was “asthma, emphysema, hypertension of the pulmonary circula- 
tion, myocardial insufficiency.” She was treated with digitalis and salvrgan and a 
Khrell diet, but without much improvement. On the fourth day after admission she 
was found by the nurse deeply cyonotic, gasping for breath and pulseless. She 
died ten minutes later. 

Autopsy Protocol . — Body is (hat of a well-uourished, adult female, 34 years of 
age. There is marked cyanosis of the lips, face and fingers. The conjunctivae are 
markedly congested. The abdomen is distended. Both lower extremities are equally 
swollen to about twice the normal size, the swelling being most marked below the 
knees. There is pitting edema over the legs, and on the posterior aspect of the 
lower half of the legs are noted several irregular, shallow ulcers with a grayish- 
white base. There are no clubbing of the fingers, jaundice or petechia e. On open- 
ing the veins of the neck the blood gushes out as though under pressure, rising 
to about 3 inches above the level of tlie vein. It is noted that all the loose alveolar 
tissue of the body, especially that in the pelvis, shows marked degree of anasarca, 
the tissues being easily separated from the bouy structures. 

Chest: The pleural cavities contain a few centimeters of clear fluid. Both lungs 
weigh 1225 gm. The left upper lobe is bound down to the chest wall hy fresh 
fibrous adhesions, easily torn through. The right lung is bound down more firmly, 
especially to the diaphragm and to the upper part of the chest wall. These latter 
adhesions eau be broken through only with some difficulty, tearing the parietal 
pleura off the chest wall. Both lungs are markedly emphysematous, especially the 
right, which shows on its surface marked bulbous emphysema, the blebs reaching 
the size of a small plum. The left lung is elastic and crepitant. The cut surface 
of the upper lobe is dark red, fleshy and hemorrhagic, while the lower lobe reveals 
a well-aerated and normal appearing surface. The right lung was not opened. 
The trachea is negative. The bronchi, especially in their smaller branches, show an 
edematous and inflamed mucosa. There are numerous patches of dense fibrous lung, 
these patches are most conspicuous in the peripheral portion of both organs. 

Heart: The right ventricle and auricle are tremendously dilated nud somewhat 
hypertrophied, taking up the entire anterior aspect of the heart and overlapping 
the left auricle and ventricle. The left ventricle is normal in size. The hear 
weighs 525 gm. The myocardium is firm and dark red. Tlie pulmonary on 
measures 8.75 cm. The valves are normal. The aortic orifice is 6.25 cm. in circl ™ 
ference. The wall of the pulmonary artery is thicker than normal, and m ^ 
finer branches are noted many small yellow areas of atherosclerosis. The nor ^ ^ 
elastic and, grossly, normal. The coronary arteries are patent. The pericar ]UI ”^ 
smooth and glistening, and the pericardial sac contains about -00 c.c. une o 
blood. In conjunction with this there is noted a small hemorrhagic spot ^ 

anterior wall of the right ventricle which is apparently due to a puncture ' 0 ^ 
made by a needle. The tracheobronchial glands are enlarged but are gross y nom 

Abdomen: The peritoneal c-avify is filled with about S00 c.c. golden br^. 

clear fluid. The peritoneum is smooth and glistening. The intestines are 
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gestcd. The iliae veins are prominent. The liver is smaller than usual, weighing 
1125 gni. The capsule is opaque in spots. Cut section reveals the dark-brown 
mottled appearance of congestion. The portal vein is normal. 1 he gall bladdei and 
biliary tracts are normal. The kidneys are similar in appearance, showing fetal 
lobulations, and weighing 180 gm. each. The capsules, except where they dip in 
between the lobulations, strip easily, leaving a smooth dark red surface. Cut sec- 
tion reveals a dark red surface, a widened cortex with normal markings. The 
bladder is small. The pancreas and adrenals arc normal. The spleen weighs 150 
gm., is bluish-ved and fairly firm. Cut section shows a deep red surface which is 
not diffluent; the pulp barely scrapes. The Malpighian bodies are rather indistinct. 

Genitals: The ovaries are small and equal in size and show no gross disease. 
The uterus is small and multiparous in type. The venous sinuses in the uterine wall 
are dilated. The veins in the broad ligament are prominent. The vagina is normal. 



showing l. nathmntl^ cmpliysnnnt, 

7 1 /" “»>■««, “cri'f jSr.fr* ” filw »•'«' togo 

rhe entire small intestine shows a conncstal ,„„e„t “ ilra l 1 ™"'',™'. 

portion. Tl,e „,. ge intestine is tillrf wHh , , ° ,”'-' rkea '» Croximr.t 

The mucous membrane shows no congestion ‘ ° f hgl,t yellow feces. 

Bacteriological Examination • t . . 

Microscopical Examination: The” to! 85 " 6 nCgallVC for 1 " oniiia - 
atrophy 0 f periphery of lobules. The ' li!!! S ^' S arcas of flbr ^is and 

T1 ' e ***” retrogressive 0 ! 8 C °^ Cstim hanor- 

m-n’ - l le ° Vary Sll0 ' vs few follicular cysts T1 Thc m >'°cardhim is nor- 

J 110 markedly congested. The 
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lumen of tlie tubules is filled with cellular debris. Many red blood cells are present 
in the glomerular spaces. 

Lungs: "With the low power magnification the section reveals different areas 
of irregular density varying from a vesicular appearance to that of almost com- 
plete consolidation. With the high power magnification the walls of the alveoli 
in the vesicular areas appear enormously thickened, and the lining intimal en- 
dothelium is prominent (Fig. 7). In the consolidated areas the alveoli are very 
small and in many instances almost completely obliterated. The fining epithelium 
is high cylindrical and presents the glandular appearance of an embryonal lung. 
The contraction and obliteration of alveoli is due entirely to an enormous trans- 
formation of the alveolar septa into fibrous connective tissue; the capillaries are 
almost entirely obliterated in these septa (Fig. 8). In tracing the microscopic 



Fig. S. — Advanced stage of arterio capillary fibrosis of the lung consequent to a~ 
matic emphysema showing extensive fibrosis of the alveolar nan 


appearance of the septa from the vesicular to the denser consolidated are ^ s ° 
notes the increasing fibrosis, the capillaries becoming fewer in number unt ^ 1 
are almost absent. Here and there one notes patches of apparent hyaline c a g. 
in the walls of the alveoli. The pulmonary vessels are intensely arteriosc er ° ^ 
the arterioles, especially in and around the sclerotic portions of the lung, are a ^ 
entirely occluded by intimal proliferation, suggesting that part of the sclerosis^ 
the alveolar walls might be the result of shutting off or diminution o t ' j. 0 £ 
supply. The muscular tissue in the septa shows enormous hypertrophy, 
the alveoli contain the characteristic pigmented “heart failure” cells. 

About the bronchi there are extensive areas of fibrosis with lymphatic infiltra 
The peribronchial, periarterial and septal lymphatics are filled with many lymp o 
The bronchial epithelium in places is markedly flattened and in some p ace ‘ ^ 

sists of a number of layers of squamous cells. The basement membrane is 
thickened and has a hyaline appearance. There is hyperplasia of the 
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glands of the larger bronchi. The bronchial mns-nlatnrc »W«»« 

Most of the bronchi contain what appears to be mucinous 

is thickened by fibrous tissue. . 

Diagnosis . — Chronic emphysema of both lungs; chronic h„,ncl..t,s; 
and dilatation of pulmonary* artery; dilatation and hypertrophy oi the ngh I m > 
and ventricle; chronic passive congestion of liver, kubu-ys. -*T IVI ' am m « ■> 
ascites; anasarca. 

Summon f . — A woman acquires bronchial asthma at the age of J> %t.irs. m 
observation there is noted a transition from spasmodic asthma !«» m.ntinnoiw n-tlimn, 
to emphysema, to tlie symptom-complex of pure hypertension «•) the pulmonary 
circulation, and finally to death from failure of the right side of the la-art. At 
autopsy, dilatation and arteriosclerosis of the pulmonary vessels are found, vuh 
hypertrophy of the right ventricle, marked emphysema, patehv fibrosis of the lungs, 
and the conventional evidences of chronic congestion of the viscera. Microscopically, 
the lungs reveal profound dilatation of the capillaries and thickening of their walls 
with transition to obliteration of the capillaries and complete fibrosis of tin- alveolar 
septa, lesions, in other words, of an extensive aricrioe.-ipillary fibrosis or pneumonia 
of heart disease. 


This is, therefore, an unusually sharp and unmixed ease of hyper- 
tension of the pulmonary circuit, revealing: the independence, in inci- 
dence between the arteriosclerosis of Ilia lesser circulation and that of 
the greater circulation, and showing the sequential relationship of 
arteriosclerosis to pressure changes. In the greater circulation the 
aorta was normal because the pressure was normal, and the patient 
did not, live long enough for the normal pressure to cause arterio- 
sclerosis (decrescent arteriosclerosis). It, has been repeatedly ob- 
served that arteriosclerosis of the pulmonary vessels can occur at any 
age, even during infancy, provided a cardiac disorder is present that 
gives rise to a heightened circulatory resistance somewhere within the 
pulmonary circuit, for instance, an open interventricular septum. 
Decrescent arteriosclerosis is rare in the pulmonary arteries because 
the intravascular pressure is low, one-sixth that within the aorta, ac- 
cording to Starling. 

The ease also reveals in striking fashion the genesis of pneumonia 
of heart disease from a lesion that was primarily not within the heart 
at. all, but from a resistance within the pulmonary capillary bed. His- 
tologically, nevertheless, it differs in no way from the conventional 
pneumonia of heart disease arising, for instance, from n mitral stenosis. 


'-'Vi.'i C/UUDJU X\ 
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fore, pathognomonic of hypertension of the pulmonary circuit and 
vice versa. 

3. The lesion of brown induration of the lung consists essentially in 
dilatation and thickening of the pulmonary capillaries. It is an “ar- 
teriosclerosis” in miniature. Unquestionably, part of the sclerotic 
process is the result of diminution in blood supply and even infarction 
of the affected areas. 

4. The lesions within the lung parallel exactly those seen in the 
systemic organs, and especially in the kidney, in hypertension of the 
greater circulation. 

5. A case is reported in which the lesions of the brown induration of 
the lung were found consequent to a prolonged asthma. Under obser- 
vation, the patient revealed the transition from a purely functional 
bronchial asthma to emphysema, to a pure clinical example of hyper- 
tension of the pulmonary circulation and finally to death from failure 
of the right heart. 

REFERENCES 

1. Moselicowitz : Am. J. M. Sc. 174: 388, 1927. 

2. Moselicowitz: Am. J. M. Sc. 178: 244, 1929. 

3. Peabody, Meyer, and Dubois: Arch. lilt. Med., 17: 980, 1916. 



AURICULAR FIBRILLATION AS tub ONLY MANIFESTATION 

OF HEART DISEASE" 

W. M. Fowlkk. M.D., and C. W. B.u.nmmu;, M.D. 

Iowa City. Iowa 

TT IS well recognized that, auricular fibrillation *s ordnraniy nss<wi- 
1 ated with evident structural change in the heart. 'I his ivre«ru ant> 
may. however, he the only manifestation of heart disease, and prob- 
ably occurs under these circumstances more frequently than ** gener- 
ally appreciated. The present report of ten eases is intended m 

emphasize this fact. 

The following arc brief records of our cases: 

Cask 1.— I). S., a mate medical student, aged 21 >ears. "as admitted to the 
University Hospital January S, 11*28. lie stated tl.at "bile another student w»« 
removing cerumen from his ear with n metal instrument he suddenly fell nauseated 
and weak, and fainted. He was unconscious about thiity seconds. His fellow stu- 
dents observed a short period of cardiac standstill and then the beginning <>f the 
absolute irregularity. When he was examined by one of ms thirty minutes- later, 
there was anrieular fibrillation, and he complained of palpitation and weakness, I he 
patient walked to the hospital the following morning and the auricles were still 
fibrillating. Sinus rhythm returned spontaneously after twenty-four hours. On 
discharge the heart was normal in all respects. 

Cask 2-". — 11. 31., aged 27 years, a hospital interne, whose heart had always 
been perfectly normal, suddenly found himself with anrieular fibrillation (checked 
electrocardiographically) after it swim in an indoor pool. The event occurred in 
midwinter, at a time when the patient had had no such strenuous exercise for months. 
The arrhythmia disappeared spontaneously after twenty-four hours, fateful and 
complete examination at this time showed no evidence of heart disease. 

Cask 3. — II. ft., male, aged 22 years, was admitted to the University Hospital, 
March 11, 1030. lie complained of paroxysms of rapid heart action which had 
appeared at irregular intervals for five years. These attacks were induced by excite- 
ment, exertion, or alcohol; and in some instances there was no apparent cause. 
The duration varied from a few minutes to twenty-four hours. The referring 
physician had observed attacks of anrieular fibrillation with a cardiac rate of from 
160 to 170 per minute which persisted from six to ten hours. The first examination 
at the hospital revealed auricular fibrillation. Sinus rhythm was resumed spon- 
taneously, and an attempt to reproduce the auricular fibrillation bv exercise resulted 
m a paroxysm of auricular tachycardia during which the patient experienced an 
entirely new sensation. Later four ounces of medicinal whisky failed lo induce 
auricular fibrillation. On discharge the hcavt was entirely normal. Small doses of 
qmmdmc sufficed to prevent recurrences* 

Case 4.-V. S, a star football player, aged 20 years, was seen March 7 10-0 

alcohol i P Pltilt5 ° n - £ tl,C ,,CarK ^ intoxication bv bmltleg 

ulcohMhe was conscious of the sudden onset of a rapid irregular head adbm 

♦From the Department of Medicine University of Iowa. 
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which persisted for several hours and was associated with a cramp-like sensation 
in the chest. He had a recurrence of these cardiac manifestations a few days 
later following another drinking bout. "When examined subsequent to the last at- 
tach the heart was normal. 

Case 5. — T. H. M., a male, aged, 32 years, was admitted to the University Hos- 
pital July 30, 1928, because of mild diabetes mellitus. At the age of eighteen years 
he was in bed for two days with painful joints, but there was no evidence of cardiac 
involvement at that tune. Examination revealed auricular fibrillation which was 
verified by the electrocardiogram. The patient stated that the irregularity had 
been present for about three years and was first noticed one morning following a 
night of extreme intoxication from alcohol of questionable purity. The normal 
mechanism was restored by the administration of quinidine after which the heart 
was entirely normal. There was no recurrence of the irregularity. The patient 
later died following an operation for carcinoma of the rectum, and at necropsy the 
heart was found to be normal. 


Case 6. — An electrician, aged 25 years, reported to the University Hospital 
August, 192S, while intoxicated. He complained of a peculiar sensation in the 
precordium which had been present for about one hour. Upon examination there 
was a very rapid, irregular heart action with a marked pulse deficit. He denied 
previous cardiac symptoms, and there was no history of rheumatic or venereal in- 
fection. The auricular fibrillation disappeared during the night and did not recur. 


Case 7. — E. S., an Italian male, aged 34 years, was admitted to the University 
Hospital January G, 1930. He complained of a queer sensation in the epigastrium 
which extended over the precordium. He had noticed a rapid heart action with 
exertion and excitement, but there had been no shortness of breath. The symptoms 
were first noticed two weeks prior to admission while working in a refrigerator car 
in which he detected gas. Upon examination auricular fibrillation was obvious and 
was verified by tlie electrocardiogram. The normal cardiac mechanism was restored 
by quinidine after which tlie heart was normal. 


Case 8. — E. M., male, aged 17 years, was admitted to the University Hospital 
because of deformities following infantile paralysis. He denied rheumatic fever 
and venereal infection. "When seen prior to an operation on tlie leg, the heart was 
normal. Nitrous oxide and ether anesthesia were employd. On tlie evening after the 
operation and the following morning auricular fibrillation was noted. Sinus rhythm 
was resumed spontaneously after twenty-four hours and persisted. 


Case 9. — P. P., a male student, aged 28 years, was examined at tlie Universi y 
Hospital April 30, 1929. He was employed in an oil station after school lours. 
He had always been active, and his past history was unimportant. Two ays pri 
to the examination lie noticed a short period of cardiac irregularity while stu )' irl S 
On the morning of tlie examination tlie cardiac symptoms recurred on aiising, a^ 
shortness of breath was experienced. When he was examined in the afternoon, ^ 
findings were those of auricular fibrillation. After eleven hours of relative r^ 
the normal rhythm was restored. The heart was then normal. The patient ^ 
tinned his work in tlie oil station, and there lias been no further recurrence o 
irregularity. 

Case 10. — J. D., male, aged 24 years, was admitted to the University ^ 

May r 12, 1930. He also was employed in an oil station. About six montis p ^ 
to admission he noticed the sudden onset of a rapid heart action which as ^ ^ 
only a few minutes. Three weeks later there was a return of tlie care 
turbance which persisted. When lie was examined, the clinical and e ec toc 
graphic manifestations were those of auricular fibrillation. Sinus ihy m 
established by tlie administration of quinidine. Later there was a shoit pa 
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of nodal tachycardia, but there has been no further interruption of the normal 
mechanism. At the time of discharge from the hospital there were no cluneal 
laboratory evidences of cardiovascular or thyroid disease. 


In thirty-five cases collected from the literature, in which auricular 
fibrillation was the only manifestation of cardiac damage, the lrregu- 
larity was attributed to a variety of stimuli, including electric shock, 
intraabdominal diseases, emotion and effort, and to intoxication by 
many different chemical substances. 

In the collected cases and in those of our own series, the factors 
usually responsible for auricular fibrillation, such as arteriosclerosis, 
Graves’ disease, rheumatic heart disease, and acute infectious diseases, 
were excluded. It is thus evident that paroxysmal or even permanent 
auricular fibrillation may be induced in apparently normal hearts. In 
four of the reported cases the irregularity was permanent. These oc- 
curred before the advent of quinidine medication. In a case reported 
by Reid® nonnal rhythm was restored by quinidine after two and two- 
thirds years, and in one observed by Hay and Jones 2 after five weeks. 
In one of our patients sinus rhythm was restored by quinidine after 
two and one-half years of auricular fibrillation. It is to be recalled 
that this heart (Case 5) was later found to be normal at necropsy. In 
two other eases in our series auricular fibrillation yielded to quinidine, 
one after five months and the other after two weeks. The auricular 
fibrillation in these five cases would probably have persisted also had 
quinidine not been given. 

In four of the thirty-five collected eases the abnormal cardiac mech- 
anism followed electric shocks which varied from 220 to 15,000 volts. 


This exciting factor is comparable to tlie faradic current used to pro- 
duce auricular fibrillation experimentally in animals. The irregularity 
in those cases lasted from one day to five weeks, and in the latter sinus 
rhythm was restored by quinidine. 

It is interesting to note that intraabdominal disease was held re- 
sponsible for the auricular fibrillation in eight of the thirty-five cases. 
Felberbaum and Finesilver 0 reported a series of five cases, in three of 
which the cardiac irregularity occurred during or following attacks 
of gall bladder colic. In one there were four, and in another five par- 
oxysms of auricular fibrillation, and the paroxysms appeared only with 
attacks of colic. Another patient in this series experienced the cardiac 
irregularity only during the distress of peptic ulcer. Cowan 5 recorded 
two instances of auricular fibrillation, one of which was associated 
with a gastrointestinal upset following purgation, and the other fol- 
lowed an indiscretion in diet. Wfertlv observed a paroxysm of 
auricular fibrillation during an attack of acute appendicitis 

lari H!,? lat r SWp beWn abd ° minal Wtoms and cardiac irregu- 

< ties has been recognized for many years. Austin Flint 23 made the 
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Iieart are often accompanied by gastric flatulence, and gaseous eructa- 
tions afford relief.” Hoover 24 lias contributed the most comprehensive 
discussion of the subject in the last edition of Osier’s Modern Medicine 
(1927). He cites a case in which functional' heart-block resulted from 
gaseous distention of a stomach diffusely involved by carcinoma: 

Such symptoms must certainly have been caused by excitation near 
the cardia and not from upward displacement of the diaphragm.” 
In a second case, premature beats were induced whenever there was 
as much as a pint of water in the stomach. This he attributed to a low 
threshold for the vagus reflex. Finally lie reported the following case : 
“A man who for years has suffered from stomach symptoms (that have 
never been satisfactorily explained) on several occasions developed 
auricular fibrillation. Diming the attacks neither ventricle was en- 
larged but the right auricle was enlarged to the right of the sternum. 
These attacks accompanied functional disturbances in the stomach 
motility and ceased without medication just as suddenly as they be- 
gan. Thus far the heart has shown no evidences of disease and al- 
though for several years these- attacks of auricular fibrillation have 
recurred at irregular intervals, the heart has apparently lost none of 
its reserve energy.” 

The mode of production of auricular fibrillation in disease of the 
abdominal viscera is of special interest. In all of the reported cases 
the offending lesion was in a viseus supplied ly the vagus nerve. It 
would seem that a reflex stimulation of the heart through the vagus 
was probably the exciting factor. This feature is best illustrated by 
the first case in our series in which stimulation of the sensory endings 
of the vagus in the external auditory canal produced cardiac syncope 
which was followed by auricular fibrillation. Other factors such as 
pain, fright, exertion, infection and intoxication were not present. 

Excitement, exertion and high nervous tension appeared to be fa<^ 
tors in eases reported by Hay and Jones, 2 Smith and Moody, 12 Semeiau, 
Hamburger, 11 and by Reid. 9 Hay and Jones reported a case of an 
ricular fibrillation in a patient who was frightened by a dog am 
climbed over a bigb wall, and another in a man who struggled w it 1 a 
horse. In both instances the irregularity persisted. A nervous e e 
ment seemed to be the outstanding feature in the patients stucie . 
Smith and Moody. In one, excitement regularly induced a _rapi 
irregular heart action, and attacks were also precipitated 1)) - | e a 
ministration of epinephrine and by deep breathing. The secoi c 
was very similar. In the patient studied by Semeiau the iso 
cardiac mechanism was induced by the nervous shock of an exf » osi • 
Hamburger’s patient, who was a surgeon, experienced his i ‘ 
oxysm of auricular fibrillation during the course of paratypJioia 
ver. His second and fourth attacks occurred during long opelf ]f 
which were attended by high nervous tension, and the tiurci a - 
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gress to the point where structural changes can be detected by the 
present methods of examination. The future course of these patients 
may decide this question. 


SUMMARY 

Ten patients are reported in whom auricular fibrillation was the 
only evidence of cardiac disease. The factors usually responsible for 
this irregularity were excluded. The age ranged from seventeen to 
thirty-four years, and all except two were under thirty years of age. 

In seven cases the auricular fibrillation was paroxysmal, while in 
three it had persisted for periods of two weeks, five months, and two 
and one-half years respectively. In each of the latter instances sinus 
rhythm was restored by quinidine. The auricular fibrillation in these 
three cases would probably have continued had quinidine not been 
given. The patient who had auricular fibrillation for two and one- 
half years later came to necropsy, and the heart was regarded as 
grossly and microscopically normal. 

In one of our cases the auricular fibrillation was attributed to the 
removal of cerumen from the external auditory canal, one to exertion, 
four to alcohol, one to carbon monoxide, one to ether and nitrons ox- 
ide anesthesia and two were in attendance at gasoline stations. 

In the thirty-five cases collected from the literature the auricular 
fibrillation was attributed to such stimuli as electric shock, diseases 
within the abdomen, emotion and effort and intoxication by various 
chemical substances. 

Abdominal disease and alcohol were the most common exciting 
agents. In the former group it is believed that a reflex stimulation 
over the vagus contributed to the production of auricular fibrillation. 
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THE CHANGES IN CIRCULATION FOLLOWING BIRTH* 

Bradley M. Patten, Ph.D. 

Cleveland, Ohio 

nPHE results of several recent investigations indicate that certain 
long cherished traditions as to the fetal circulation must be relin- 
quished. That this new information has come fragmentarilv from 
various independent workers and is still mutually confirmatory gives 
it especial weight. Since interpretation of the changes in circulation 
which follow birth must start from fetal conditions as a basis, it seems 
pertinent to reexamine both these closely related subjects in the light 
of our present information. 

Controversies concerning the course of blood through the fetal heart 
have been smouldering, with periodic outbreaks, ever since the times 
of Harvey. The historical phases of the subject have been thoroughly 
covered by Pohlman 9 (1909) and more recently by Kellogg 3 (1928). 
The striking thing is the persistence of the Sabatier 11 (1791) doctrine 
that the entire inferior caval stream carrying the freshly returned pla- 
cental blood passes directly through the foramen ovale to the left at- 
rium, while the superior caval current of blood, depleted .by a systemic 
circuit, passes with little or no mingling into the right ventricle. . Pos- 
sibly there exists, because of greater familiarity with the adult circu- 
lation where separation of pulmonary from systemic blood is so strik- 
ingly maintained, an unconscious bias toward interpreting' the fetal 
circulation in terras of blood currents which maintain their identity. 
"Whatever the underlying reasons may be, current textbook illustra- 
tions bear eloquent testimony as to the tenacity of the Sabatier con- 
ception in the face of an increasing accumulation of evidence against it- 

Early injection experiments (e.g., Reid, 10 1835) appeared to give 
some support to the Sabatier theory. But these experiments made 
with heavy starch masses in dead material, when reviewed in the origi- 
nal, appear too equivocal to justify the wide citation they have received. 

Pohlman 9 (1909) carried out the first realty critical experiments dc- 
vfised to ascertain the course of blood through the fetal mammalian 
heart. In living pig embryos he injected colored starch grains into the 
circulation and, by repeated counts of the grains appearing in blooc 
recovered from the right and left heart, demonstrated that mixing o. 
inferior and superior caval blood occurred in the right atrium. eal 
cut as were Pohlman ’s results, they had little apparent influence on t u! 
propagation of the Sabatier theory of crossed pure currents. 

‘From the Laboratory of Histology and Embryology, Western Reserve Uni'er 
sity. School of Medicine. 
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In 1928 Kellogg 3 repeated and exten e both tlie sit es 

•Working with cats and dogs confirme d Pohlman’s con- 

of injection and p “° er (192 9) Kellogg 4 lias reported 

elusions. Moreove , ‘ d ecovere a f ro m both cavae and 

oxygen determinations made on blood e +Q +w the left 

from both sides o£ the fetal heart which clearly indicate that the let 
atrium does not receive, by way of the foramen ovale, ummxed m e- 
nor caval blood freshly returned from the placenta. . 

Indication that the results of these experiments on annuals .are t ap- 
plicable to the human fetus is given by the work of Patten, (son e 
field and Paff 7 (1929) on the functional capacity of the foramen ova e. 
Their study of the interatrial opening in the human fetal heart showed 



Fig. 1. — Interior of the left atrium of the human heart at birth (x 1%); based 
on a photograph of a scale model retouched from direct study of a group of normal 
specimens. The yalvula foraminis ovalis is shown in the position assumed when a 
stream of fluid is forced through the inferior vena cava. 


that the apparent capacity of the septal orifice is greatly reduced by 
the manner in which the valvula foraminis ovalis is attached to the 


septum. The measurements showed an effective interatrial communi- 
cation less than 43 per cent of the cross-sectional area of the inferior 
caval inlet (Pigs. 1 and 2). Even making the forced assumption of a 
rate of caval inflow sufficiently strong to form a definite current di- 
rected at the foramen ovale, this current could not pass through e 
crooked passage less than half the size of the caval inlet. Eddying 
hack of more than half the inferior caval stream would inevitably re 
suit m the same sort of mixing of placental and systemic blood in tin 
nght atrium of the human fetus that Pohlmau and Kellogg hav ( 
demonstrated experimentally in other mammals. 
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The restricted functional orifice of the foramen ovale is of signifl. 
cance for other conditions than the mixing 0 f blood currents in the 
right atrium. By reason of its small size the foramen ovale alone can- 
not pass on to the left side of the heart nearly enough blood to equalize 
intake on the left with intake on the right. In view of the fairly equal 
development of the two sides of the fetal heart any assumption that 
they do not handle approximately equal amounts of blood is untenable. 
The obviously neglected factor in this situation is the pulmonary cir- 
culation. 


It is commonly stated that before birth there is very little blood 
passing through the pulmonary circuit. There seems to be no evidence 
of any sort adduced in support of this dictum. As far as one can 
trace its origin it is entirely the outgrowth of a theory as to the 
mechanism by which a radical rerouting* of blood through the fetal 
heart is supposed to be brought about at the instant of birth. It has 
the unmistakable odor of teleology to postulate a capacious but vir- 
tually unused vascular plexus developing in the growing lungs, ready 
at the instant of birth to receive a suddenly rerouted current of blood 
carried to the lungs for oxygenation. While there are not as yet 
available any quantitative determinations of the blood flow through 
the fetal lungs, all the implications are against the current view that 
the pulmonary circulation is negligible. It is out of line with every- 
thing known about the development of the vascular system to think of 
vessels growing beyond a capacity consonant with their present activi- 
ties. Nor is this argument by analogy the only angle of approach 
open. Injection or perfusion of the vascular tree of uninflated lungs 
seems to offer little if any more resistance than injection of inflated 
lungs. Moreover, measurements of the pulmonary vessels in individ- 
uals just before birth show them to be of virtually the same capacity 
as they appear in other individuals that died after breathing for two 
or three clays.* The actual size of the fetal pulmonary veins as deter- 
mined by these measurements indicates that they bring into the left 
atrium a volume of blood somewhat greater than that contributed by 
way of the restricted functional orifice of the foramen ovale. The fact 
that the left side of the heart receives much less blood by way of the 
foramen ovale than hitherto believed, hut receives a corresponding, 5 
greater amount from the pulmonary circuit, leaves undisturbed our 
conception of an approximate right-left balance of cardiac load dui 
ing fetal life. It does, however, radically lessen if indeed it does not 
eliminate entirely, the abrupt increase in pulmonary circulation w nc n 
it was necessary, on the old basis, to postulate at the moment of n 

*These figures for the pulmonary vessels and those that f ° r ss ot ( p e atten and 

orifices are given from preliminary tabulations of work still in pr => fewer than 
Toulmin 8 ). None of the average measurements here given are Daseu u i measure( l. 
forty hearts. In some instances more than 100 cases ha\e atreauj - ts o{ y lC 

The close agreement of sample group averages indicates publication 

greater number of individual measurements it is planned to maKe ocw 
of the detailed data will differ but fractionally from those given Here. 
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Most significant, from the standpoint of postnatal changes are the addi- 
tional facts that the pulmonary arteries are about the size of the um- 
bilical arteries and the total cross-sectional area of the pulmonary 
veins about the same as that of the umbilical vein. The placental 
circuit adequately takes care not only of oxygenation, but also of food 
intake and waste elimination. If, therefore, the pulmonary vessels 
are carrying a circulation in any way consonant with their size there 
is enough blood already going to the lungs before birth to care for 
oxygenation as soon as the lungs are ventilated. 

Fig. 2 summarizes graphically the points discussed above and indi- 
cates the revisions in the current interpretation of the fetal circulation 


5up. Vena Cava 

Orifice 36mm 2 


Foramen Ovale 
Functional Orifice 
32. mm* 


Inf. Vfena Cava 

Orifice 70 mm 2 


Pulmonary 
Outlet 
Orifice 35mm 2 


Wf. Of Wall 

8 sms. 



Pulmonary 

Veins 

Tote! Orifices 
37 mm 2 


Aortic Outlet 

Orifice 29 mm 2 


Wt. of Wall 
7 8 m =. 


ter 


* hc wt is - 



196 


THE AMERICAN HEART JOURNAL 


greater size of the right ventricular lumen, the slightly greater weight 
of the right ventricular musculature and the somewhat greater size" of 
the pulmonary than the aortic outlet. These facts all accord with the 
characteristic right ventricular preponderance exhibited by electro- 
cardiograms of the neonatal heart. 


It is unwise to draw too specific conclusions about the circulation 
from such measurements alone. At present, however, there are avail- 
able practically no pressure or volume determinations on the fetal 
circulation. In the sizes of the channels we have at least the start of 
a. quantitative basis of interpretation hitherto lacking. That these 
measurements are not without functional significance is indicated by 
some simple comparisons. 

In the fetus, aortic and pulmonary pressures may be assumed to be 
equal because of the free communication of these vessels through the 
ductus arteriosus. This assumption is in accord with the only experi- 
mental evidence we have on blood pressures in the fetal heart, Polil- 
man’s observations that blood rises to equal heights in capillary tubes 
inserted in the right and in the left ventricles. If the pressures are 
equal, the relative size of the arterial outlets and the relative weights 
of the ventricular walls should both be indicative of the amount of 
blood handled by the right and left sides of the heart. In that case 
we should expect the two ratios to equal each other. That is: 

Right Ventricular "Weight ] , , , Area Pulmonary Outlet 

Left Ventricular Weight S ° U e 9 lia Area Aortic Outlet 

Writing into this proportion the actual measurements made on fetal 
hearts : 

— — should equal - 


The correlation figures at 0.94 + where 1 is the expectation. 

Since the atria of the fetal heart are in open communication, some 
of the greater intake of the right atrium will tend to be passed on 
by way of the foramen ovale to the left atrium. If the blood enterin c 
tlie atria is proportional to the size of their vascular inlets, as is pro 
able with the very low pressure there existing, we can indicate eon > 
tions empirically thus : 


Entering Eight Atrium 
Orifice of superior vena cava 36 sq. mm. 
Orifice of inferior vena eava 70 sq.mm. 
Orifice of coronary sinus 5 sq. mm. 


Total 111 

-32 > 


Blood rolume cc 79 sq. mm. 

4 

Entering right 
ventricle 


Entering Left Atrium 


:ross-sectional 
of pulmonary 


! Orifice ■ 
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■by the two ventricles should "l"' 1 10 , ( S „h s (inil- 

trieular weight and tl.c ratio ot HmonaiJ to amtic out 
tog the figures obtained from actual heart measurements: 

Correlation computes at 0.08 
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69 

And : 


8 


should equal -z 


79 i 

-—-should equal- 
69 


35 

29 


Correlation computes at 0.04 

These methods ot comparison arr, of course, crude trom (hr mathe- 
matical standpoint and quantitatively the results should he regarded 
as tentative. When pressure, measurements ami How deteimmatio i 
can be added to the available, evidence, more crit ical mat hemal lea 
methods must be applied to the problem. Pending this time the exist- 
encc of a roughly 8-to-7 relation between (3) right and left, ventricular 
intakes as estimated empirically from the measurements of vascular 
orifices, (2) right and left ventricular weights, (3) rigid and left ven- 
tricular capacities and (4) pulmonary and aortic outlets, ma\ be ic- 
garded as indicative of the nature of the right-loft tuuctioual balance 
in the fetal heart. 

Because the Sabatier idea of crossed blood currents in the right 
atrium has been so long entrenched, the conception that there is mix- 
ing of the blood in the right, atrium is likely to meet with more re- 
sistance than either the idea of a prenatal pulmonary circuit of con- 
siderable volume, or the conception of the right -sided preponderance 
of the fetal heart. Such mixing of the blood may seem inefficient com- 
pared with condition in the adult, but this is a one-sided comparison. 
The fetus is an organism in transition. Starting with a simple ances- 
tral plan of structure and living an aquatic life, it attains its full 
heritage but slowly. It must, be viewed as much in the light of the 
primitive conditions from which it is emerging as in comparison with 
the definitive conditions toward which it is progressing. Below the 
bird-mammal level, circulatory mechanisms with partially divided and 
undivided hearts and correspondingly unseparated blood streams meet 
all the needs of metabolism and growth. Maintenance of food, oxygen, 
and waste products at an average level which successfully supports 
life does not depend on “pure currents,” although such separated cur- 
rents undoubtedly make for higher efficiency in the rate of interchange 
of materials. From a comparative viewpoint, the fact that the mam- 
malian fetus is supported by a mixed systemic circulation seems but 
natural. Moreover, if the fundamental competence of such a civeula- 
on is emphasized rather than the respects in which it falls short of 
the perfected adult mechanism, we are not forced to postulate a series 
abrupt and profound changes in the circulation at the time of birth 
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nor are we continually puzzled by the “seemingly impossible size” of 
septal defects sucli as are not infrequently carried without serious 
handicap into maturity and even old age. 

The changes occurring in the circulation postnatally must be re- 
evaluated in the lig'ht of this altered conception of the fetal circula- 
tion. According to the conventional interpretation, tying the cord 
reduces the volume of blood flowing from the inferior vena cava into 
the right atrium and thence through the foramen ovale to the left 
atrium. With the first breath, the preformed, but hitherto practically 
unused, pulmonary vessels suddenly open and allow a rush of blood to 
pass into the lungs. By the very power of its surge into the left 
atrium the blood returning from the lungs forces the valvula foraminis 
ovalis to close against the weakened eaval current impinging on its 
right atrial face. Within a day or two, or perhaps a week, the valvula 
fuses to the septum and seals the foramen ovale. Inflation of the 
lungs shifts visceral relations, putting the ductus arteriosus on so 
much of a stretch that blood can no longer pass freely through it and, 
presto ! the newborn infant has an adult type of circulation. It is a 
dramatic story lending itself well to diagrammatic exposition within 
brief compass, but it will not stand scrutiny. 

In its older form, the idea of the immediate closure of the foramen 
ovale was crudely mechanical. There was supposed to be an active 
shutting off of this passage which forced a rerouting of the blood 
through the heart. If such closure failed to occur, cyanosis and death 
were supposed to result. One will find this view still expressed in 
many current textbooks of embryology and obstetrics. And case after 
ease can be found in present-day hospital and public health records 
implying the same viewpoint by accusing an open foramen ovale of 
being the cause of death in a neonatal individual where an open 
foramen ovale is absolutely normal. Belated recognition of the long- 
known fact that closure of the foramen ovale is not completed until 
several months after birth is slowly forcing a retreat from such tradi- 
tions. The present view is essentially that although anatomical closure 
of the foramen ovale is delayed, its functional closure is immediate. 

Even this modified conception of an immediate closure which is 
functional rather than anatomical is a corollary of the old Sabatier 
hypothesis. The first critical event leading toward closure is sup- 
posed to be a reduced inferior caval current due to interruption of the 
placental circuit. If, as recent work clearly indicates, there exists no 
pure current of inferior caval blood traversing the right atrium an 
making its way directly through the foramen ovale, this contention 
loses all weight. If there is free mingling of the blood currents entei 
ing the right atrium, flow through the foramen ovale must be detei 
mined by the difference between the rate of intake and the resultan 
pressures which exist on either side of the interatrial septum. V 01 
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cord, as before, all the blood in the systemic circuit must e u n to 
the right atrium. Possibly after the placenta is cut oil:, ie atneh 
more blood enters through the superior cava. But change m the le a- 
tive amount of blood returned by the tiro cavae will not alter the 
pressure relation between right and left atria. As far as the heart is 
concerned the immediate result of tying off the umbilical vessels is 
merely to eliminate from the fetal circulation the blood that hap- 
pened to be passing through the placenta at the moment.. It can have 
no more effect on relative pressures in the two atria than loss of the 
same amount of blood by superficial hemorrhage. One might as well 
try to effect the closure of the valvula foraminis ovalis by carrying 
out simultaneously hyperdermoelysis in the drainage area of the supe- 
rior cava and venesection in the territory drained by the inferior cava. 

As to the ductus arteriosus being abruptly occluded by traction on 
it incident to the first inspiration, a little dissection and some experi- 
mental pulling and hauling on that tough-walled vessel will make one • 
exceedingly skeptical. Furthermore in case after case of congenital 
aortic stenosis the ductus arteriosus remains open, pouring a supple- 
mentary stream into the deficient aortic current. Conversely in cases 
of true congenital pulmonary stenosis the ductus quite commonly re- 
mains open with blood from the aorta going through it to the lungs in 
reverse of the normal direction of fetal flow. If in such experiments, 
obligingly performed for us by nature, complete inflation of the lungs 
fails, over a period of months or even years, to effect the closure of a 
ductus arteriosus which is carrying merely a supplementary blood cur- 
rent from a more or less crippled heart, how can we look to such a 
mechanism to close off abruptly at the moment of birth, a blood stream 

equal in power and volume to that of the isthmic part of the fetal 
aortic arch? (Fig. 3.) 

The idea that the pulmonary Bow is negligible before birth and rises 
abruptly to full power with the beginning of respiration is, as far as a 

bov'e no'direet t ’““"‘“'f reTO,ls - As was stated 

above, no direet observations have been made on the volume of the 

pulmonary flow before birth, but the circumstantial evidence first of 
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would exist in the fetal circulation 
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cross-sectional area of the pulmonary veins at the time of birth is ap- 
proximately only one-third of the total cross-sectional area of the 
veins entering the right atrium. (Fig. 2.) It entails an incredible 
series of assumptions to juggle pressures and rate of flow in such a 
manner as instantaneously to balance the output of one group of veins 
against the output of another group having three times their bore. 
Yet this is demanded by the theory that an immediate closure of the 
valvula foraminis ovalis is brought about by prompt equalization of 
left and right atrial pressures. 

The existence of doubt concerning, or positive evidence against, 
each separate event in the chain of happenings invoked to throw the 
swatches for an immediate and radical rerouting of blood at the time 
of birth should give us pause. Is not the very existence of such abrupt 
changes as unsupported as the elaborate series of occurrences sup- 
posed to explain them? Let us look without preconceived prejudice 


Rt. Pul. Art. 
dia.=3.9mm. 


Aortic Outlet 
dia.=6.0mm. 

Pulmonary Outlet 
dia.-6.7mm. 



Isthmus 

dia.-4.3mm. 

Ductus Arteriosus 
dia.= 4.4mm. 


■Descending Aorta 


A 


Left Pul. Artery dia. s 5.75mm. 
dio.=3.7mm. 
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Fig. 3. — Diagrams showing the characteristic postnatal change in the ist 
region of the aortic arch. A. Fetal condition at full term. The vessel dia 
are averages from the measurements of thirty cases. B, Typical conflgui atio 
to four months after birth. Note the enlargement of the isthmic portion oi me aoi 
arch which accompanies the reduction of the ductus arteriosus. 


at the possibility that the changes in the circulation following biith 
are accomplished gradually and without abrupt rerouting of majoi 
blood currents. 

The fact that, even though it is much greater in volume than has 
hitherto been recognized, the pulmonary circuit at birth is still iela 
tivelj r considerably smaller than it is in an adult, does not seem to 
offer any great difficulty. In the first place it is of the same order of 
magnitude as the placental circuit which has been caiing foi not o 3 
gaseous interchange but also food intake and waste elimination. 1 
the second place the high red cell count and the high hemo 0 
index of the fetus and neonatal infant afford an increased 
carrying capacity in tlie same manner that these conditions aie ' 
to operate in adults with certain types of congenital defects, o 
heart. Finally, the infant does not indulge in physical activities o a 
type which put a sustained excessive demand on oxygen intake tm i 
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proximate an ctpialisation of left with ri-1,1 alrml mtahe mnst an.ut 
the gradual enlargement o£ the pulmonary channels m response to 
functional activity. Just lvoav long a from elapses before sueh «|Uahaii- 
tion takes place vc can know with exactness only when there are avail- 
able critical pressure determinations for both fetal and neonatal circu- 
lation. There arc already known, however, several facts which lit to- 
getber to give us a suggestive picture. These are: 

1. The closure of the ductus arteriosus is a gradual process depending 
upon histological changes resembling those of endarteritis obliterans 
(Schaeffer, 13 1014). Commencing at the lime of birth there is a gradual 
reduction in the bore of this vessel culminating in obliteration of its 
lumen not earlier, on the average, than six to eight weeks alter birth 
(Scanunon and Norris, 12 11)38). This progressive occlusion of the ductus 
arteriosus by a process as characteristic and regular as the prenatal 
growth of the cardiac septa,* would tend to aid in the gradual enlarge- 
ment of the pulmonary circulation by diverting a progressively greater 
amount of blood to the lungs. 

2. In the heart of an unborn term fetus examined under water, the 
valvnla foraminis oval is does not lie stretched in close apposition to the 
interatrial septum but balloons out toward the left atrium in a position 
which shows the influence of the prenatal blood flow from right, to left 
(Fig. 1). This characteristic configuration is lost gradually during the 
first postnatal month in a manner strongly suggestive of a gradual 
cessation of interatrial flow paralleling increase in pulmonary return. 
Measurements of the functional interatrial orifice made with a calibrated 
cone show a progressive reduction in its size following the “taking up 
of the slack” in the valvnla and culminating with complete anatomical 
closure rarely earlier than from six to nine months after birth Fur- 
thermore a distinct histological alteration in the valvnla accompanies 
these changes. At birth the valvnla is composed almost entirely of 
muscle with just a thin endocardial investment. Beginning two to 
titoee months after birth there is an exceedingly rapid increase, in fibrous 
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tissue which by six months has increased 500 to 600 per cent, while 
there is in the same period no appreciable increase in the muscle tissue 
(Patten, 6 1930). These changes at the foramen ovale clearly imply its 
gradual abandonment concurrently with the decrease in bore of the 
ductus arteriosus and the increase in pulmonary circulation. 

3. The lungs of neonatal infants coming to autopsy characteristically 
show incomplete inflation. The lungs appear to come into full func- 
tional activity but gradually, the atelectatic areas becoming progres- 
sively smaller until complete inflation is reached normally about the 
third postnatal week. 

4. The high red cell count and the high hemoglobin index character- 
istic of the fetus and neonatal infant rapidly decrease during the first 
month after birth (Japlia, 2 1908). This decrease probably parallels the 
increase in volume and efficiency of the pulmonary circulation. 

5. The portion of the aorta between the origin of the left subclavian 
artery and the entrance of the ductus arteriosus (“isthmic portion”) 
which, in the fetus, is characteristically narrowed (see Pig. 3) takes two 
months or more to widen to the bore of the aorta below the ductus. This 
seems indicative at once of a gradual cessation of ductus contribution 
to aortic current, and of a gradual gain in the power of the blood stream 
delivered by the left side of the heart to the aortic arch proximal to the 
narrowing. This in turn must depend upon the progressive increase 
of pulmonary return to the left atrium. 

With full recognition that until pressure determinations are avail- 
able for the fetal and neonatal circulation the evidence is incomplete, 
it can nevertheless be stated that all the facts now available point to 
the conclusion that the changes in circulation following birth aie 
gradual rather than abrupt. As nearly as it can be sketched out at 
present the ti'ansition from fetal to neonatal circulation seems to occur 
thus-. By the time of birth the fetal pulmonary circulation has de- 
veloped to a point such that it is capable of supporting life as soon as 
the lungs are ventilated. After birth, under the stimulus of the func- 
tional activity of the lungs, the pulmonary circulation rapidly gains 
in power and volume. It is quite possible that the progressive reduc- 
tion of the ductus arteriosus is normally a contributing factor in this 
increase in pulmonary circulation, but the increase can be and not 
infrequently is— attained in cases where the ductus remains unclosec . 
By the end of the first or the beginning of the second postnatal month 
the pulmonary return to the left atrium has reached appioxn 
equivalence with the right atrial return. When this has occurred, t e 
foramen ovale falls into disuse as an equalizing short-cut between t ie 
pulmonary and systemic sides of the circuit. Its anatomical obhteia 
tion follows leisurely in the wake of its functional abandonment. 
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practically all of the many recorded cases of true congenital pu - 
monary stenosis show retention of a widely open foramen ovale. 1' all- 
ure of absolutely complete fibrous adhesion of a iunct tonally com- 
petent valvula should be sharply distinguished from a freely open 
condition of the foramen ovale. Failure of complete adhesion is very 
common (±20 per cent of all adults) and appears lo bo of no func- 
tional significance provided the valvula completely covers the septal 
orifice, and there is no complicating abnormality elsewhere in the 
cardiovascular mechanism. 


The establishment of the new functional balance in the heart and 
the closure of the fetal communications between the pulmonary and 
systemic circuits carry in their wake changes in the relative development 
of right and left ventricular musculature. In the fetus with its open 
ductus arteriosus the load of the systemic circuit is shared by the 
right and left ventricles, and their muscular walls are of about the 
same thickness, although the total bulk of the right ventricle is a little 
greater because of its slightly greater capacity. By three to four 
months after birth the left ventricular musculature has overtaken the 
right in response, first, to the progressively increasing return from 
the lungs; then, as the fetal passages become closed, to the added 
stimulus of the long systemic route over which the blood must, be 
pumped by the left ventricle alone. In response to this added load 
the left ventricular weight begins to climb steadily above that of the 
right, until its full adult degree of preponderance is reached some- 
where around the seventh year (Muller/' 1883, Gross, 1 1921). 


SUMMARY 

On the basis of the evidence at present available, the changes in 
circulation which take place following birth may be summed up as 

1. Current conceptions as to the occurrence at the moment of birth 

of an abrupt rerouting of the blood in the heart and great vessels rest 
on insufficient evidence. u lcsl 

2. There is an increasing reason to believe that the volume of blood 

cn culating through the lungs at the close of lie • 7 
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crease, bringing about, by the close of the first mouth, a new func- 
tional balance in intracardiae pressure. 

4. It is probable that under normal conditions the progressive 
closure of the ductus arteriosus accelerates the enlargement of the 
pulmonary vessels following birth, but there are many eases on record 
where a normal pulmonary circulation has been established without 
closure of the ductus. 

5. With the establishment of the new interatrial equilibrium 
brought about by increase in pulmonary circulation the foramen ovale 
falls gradually into disuse. 

6. Anatomical obliteration of the foramen ovale follows slowly in 
the wake of its functional abandonment. Provided the valvula fora- 
minis ovalis competently covers the foramen ovale, failure of the valve 
completely to fuse to the septum is no functional handicap as long as 
there is not an intereun*ent disturbance elsewhere in the cardiovascu- 
lar mechanism or in the lungs. This fusion is incomplete, leaving 
what might he termed a “probe-patency” in about 20 per cent of all 
adults. Functional incompetence of the valvula by reason of defec- 
tive development, which should be clearly distinguished from “probe- 
patency,” is as uncommon as other cardiac anomalies. 

7. Failure of the ductus arteriosus to close within the normal time 
range is to be regarded as a symptom rather than a cause of circula- 
tory disfunction. Instances of the ductus remaining unclosed in the 
absence of abnormal conditions which force the maintenance of a 
blood current through it are exceedingly rare. 

8. Following the increase in pulmonary circulation and the closure 
of the fetal blood passages there is a gradual increase in the left ven- 
tricular musculature to equal the right at about three to five months, 
acquire a definite preponderance by the second year, and its full adult 
degree of preponderance by about the seventh year. 
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THE REVERSAL OF FLOW IN THE CARDIAC VEINS* t 

Osoar. V, Batson, M.D., and Samuel Bellet, M.D. 

Philadelphia, Pa. 

THE problem of the actual irrigation of the myocardium has been 
overshadowed by the study of the anastomoses of the coronary 
arteries. Interarterial connections are significant only in eases of 
partial or total occlusion of a'single coronary artery; their significance 
completely disappears in double coronary occlusion. With this con- 
dition, with the arterial supply shut off, patients can live for a number 
of months, perhaps for two years . 4 ’ 19 ’ 22 ’ 34 ’ 44 Hypotheses, centering 
about irrigation by the Thebesian veins, or about anastomoses with the 
vasa vasorum, have been advanced to account for this persistence of 
life. The hypotheses are unsatisfactory either because they have been 
arrived at by a process of exclusion (which, as we shall show, has not 
been completely carried out), or because they are based upon experi- 
ments with isolated hearts. 

In our study we have sought to obtain definite, direct evidence in the 
intact animal toward answering the question: How are the myocar- 
dial capillaries irrigated? 

To make clear our point of view in discussing these experiments 
we will first present our concept of the vascular systems of the myo- 
cardium. In the light of our own experience in the study of anatomi- 
cal specimens, as well as in the light of our experiments, we have es- 
sayed the following correlation and interpretation of the facts of the 
myocardial circulation. 


THE MYOCARDIAL CIRCULATION 

The exact anatomical peculiarities of the vascular bed of the heart 
are still not fully determined. The elementary notion of a small artery 
ending in a capillary bed and this in turn drained by a small vein is 
here entirely out of place. To begin on the arterial side, the question 
of anastomoses has been most confusing. These anastomoses have been 
found, confirmed, denied, and confirmed again. At present the work 
of Spalteholz , 3S ’ 40 Nussbaum , 31 and of Gross 9 definitely establishes the 
presence of these anastomotic connections. The exact maximum o 
size of these connections we feel to be still in doubt because the intnn- 

*From the Department of Anatomy, Graduate School of Medicine, and tiom filc 
Robinette Foundation, University of Pennsylvania. ■ , the 

t Preliminary reports of this paper were presented before the meetm| ^ of 
Interurban Medical Society, Philadelphia, April o, 1030, and before _\ n 

the American Association of Anatomists, Charlottesville, Va., April 1030 

abstract of the latter presentation appeared in the Anatomical Record, -Ij- > 
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In addition to those intracardine anastomoses we must also consider 
e extracardiac ones. The paper by von Hanger* gives what seems In 
, the most, complete account of these. In considering occlusion ol the 
ronary arterial ostia, the most important extracardiac connection seems 
be the communication between the coronary arteries and the hron- 
ial arteries through the capillaries of the vasa vasorum oi the fiist. 
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part of the aorta. In some of the reported cases the oeelusion ot the 
ostia of the coronary arteries has been accompanied by an obliteration 
of the lumina of the arteries for some distance from their origin. In 
these eases the extracardiac anastomoses with the bronchial arteries 
could not. operate. The capillary bed in the region of the sinuses of 
Valsalva is so small that, it does not seem possible that such anasto- 
moses could nourish more than a small fraction of the myocardium. 
No doubt the extracardiac supply of the human heart could be rest tid- 
ied with profit, especially if such studies wen; correlated with the 
comparative anatomical studies of Grant and Kcgniciv Since the 
lumina of nonfunctioning vessels arc commonly obliterated, even when 
the vessels arc not involved in a pathological process, it would he. most 
helpful to have a complete description of the entire coronary arterial 
tree in the cases of double coronary occlusion. Arteriovenous anasto- 
moses, to our knowledge, have not. been recognized under that classifi- 
cation® in the heart, except by NussbauniA 1 He believes that this 
system, which lie found in the cpicardium, serves to transmit blood 
from the arteries to the veins during systole when the capillaries are 
contracted. The general distribution of the arteriovenous anastomoses 
was first described by Hoyci*. 13 The widespread presence of this con- 
nection is now well established. It is not; surprising to find this anas- 
tomosis developed in the heart. 

On the venous side we may divide the larger vessels into those, which 
empty into the coronary venous sinus and those which empty into tile 
right atrium directly. The coronary sinus has valves, the veins which 
empty directly into the right atrium do not. Since the influence of the 
valves of the coronary venous sinus can be discounted' 1 -’ in 5)7 per 
cent of the eases, there does not seem to be any essential dilfemice 
between these two classes of veins. Grant and Regnier think that 
these various veins are present as an incomplete transformation of the 

heart during life.” abnormality was not associated w Rh obv lous’d jitu!a,nnce ' of 'ule 
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for they too are the persistence, for the most part, of remnants of an 
extracardiac drainage. Intervenous anastomoses are of laree size and 

of frequent occurrence. They are readily recognized withthe naked 
eye. 

There is a third group of vascular channels, the components of which 
have commonly been considered as unrelated structures, or these com- 
ponents have been divided into more groups than we feel is warranted. 
In fact, a group classification is rarely used. These channels were 
recognized in part and described by Yieussens in 1706 43 and by 
Thebesius in 1708. 41 Other varieties of the channels have been de- 
scribed by von Laager, 2 * Lannelongue, 21 and others. Some observers, 
who have not seen all of the subtypes, have denied the existence of 
certain of them. This has added to the confusion. It seems to us to 
be significant that the multiplied of terms and of descriptions sprang 
up at a time antedating the study of the embryology of the heart. 
Considering the work of Minot, 20 of Lewis 23 and of Grant and Regnier 7 
on the development of the sinusoids of the heart the conclusion seems 
compelling that these variously described channels of the adult heart 
represent various stages in the evolution of the embryonic (and com- 
parative anatomical) sinusoidal system of irrigation of the myocar- 
dium. Lewis, 25 believing that he found obliteration of some of the 
sinusoidal vessels in the embryo, thought that the endothelial channels 
might be formed in part by ramification of new vessels. Grant and 
Regnier/ on the other hand, have been unable to confirm this oblitera- 
tion of the sinusoidal channels. We fail to see the analogy between 
the vasa vasornm and the endocardial vessels suggested by Lewis, and 
are of the opinion that all of the vascular passages of endocardial ori- 
gin are modified sinusoids. According to this conception, based on 
development, on comparative anatomy, and on comparative physi- 
ology, all of the endocardial channels in any chamber : the blind pits, 
the communicating 1 pits, the branched channels, the arborizing' chan- 
nels and those channels connecting with the capillary bed, are all parts 
of the sinusoidal S 3 r stem. It is true that certain of these have been called 
Thebesian veins (the venae coi'dis minimae of the BNA.) but there has 
been no agreement among authors as to what should be included undei 
this term, and we have found authors using the term in a restricts 
sense in one paper and in an amplified sense in another. Some inves i 
gators, Pratt, 34 Wearn 44 and Kretz/ 9 for example, feel that in cases o 
coronary occlusion the direction of flow is away from the cavities o 
the heart. In view of the embryological and comparative anatomica 
background of these vessels, and in view of their uncertain physio og) , 
we feel that the term “vein” should be dropped, that the en ne 
group of crypts and vessels should be referred to as the sinusoida ^ cn 
dilation of the heart, or if this does not meet with approval, to alter i? 
term from venae cordis minimae (BNA) to vasae cordis nmomae. 
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out, the various circulations appear in the following ordei : The nu 
gation of the myocardium is first accomplished by the sinusoidal c 
dilation; next the veins grow out and arborize ; last of all, the aiten s 
grow out and meet the capillary ramifications of the veins, and a 
three, sinusoids, veins, and arteries, become intimately connected 
through the developing capillary bed. So much of our knowledge of 
embryology has been accomplished through the study of stereotyped 
stages that we are inclined to overlook embryonic physiology. In the 
rabbit embryo, the veins exist as an independent system for days. 
With the pressure changes at their ostia, with the movement of the 
heart into which they are distributed, and with the presence of blood 
in their lumina, we feel that a flow and ebb circulation takes place in 


the veins during this period of their independent existence. This flow 
and ebb no doubt also occurs in the arteries before they join the veins 
but, because of the greater pressure, the degree of flow and ebb is 
probably less. 

Considering tlie origin and early history of the sinusoidal system 
rich communications should he expected, not only with the capillaries, 
but also with the arteries and veins. Both Lewis 25 and Grant 0 feel 
that some of the capillaries are formed by a reduction in size , of the 
sinusoidal channels. The connections with the veins have long been 
recognized and recently have been well demonstrated in anatomical 
preparations of the heart of the sheep by Grant and Viko. 8 Connec- 
tions between the arteries and the sinusoids were demonstrated by 
injection experiments with coarse masses by Abernathy in 1798. 2 Met- 
tier, Zscliiesche and Weam 28 prepared anatomical specimens by cor- 
rosion which show these vessels connecting the arteries and the sinu- 
soids. We propose to call these two (at present unnamed) connections 
respectively, sinusoidovenous and sinusoidoarterial anastomoses. 


In summary of the foregoing review we present Fig. 1, which shows 
in diagram form our concept of the anatomical facts and surmises of 
the myocardial circulation. 

The lymphatic vessels have not been included in this discussion be- 
cause their drainage is extraeardiae. We have seen one incomplete 
peeimen (m the dog) m which the possibility „ { the connection of a 
aige lymph vessel with the veins could not be ruled out, but if this 
h present it is certainly the exception.- The amount of kid leaving 
bj these passages during perfusion of a heart, so far as we know has 
no been determined. Considering the rich, less of dWributTon nd 
great s.se of tbe channels, this quantity mast be quite large, 'in 
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deed, Pratt 34 has suggested that the lymph channels may be concerned 
m the myocardial nutrition. 

I he study of the anatomical size and distribution of the components 
of the myocardial circulation by customary means is open to all the 
difficulties and objections encountered elsewhere in the animal organ- 
ism, as well as to one peculiar to the heart. The passive distensibility 
of vessels has already been mentioned as well as their intrinsic con- 
tractility. We recognize, especially’’ as a result of the work of Krogh 20 
and of Richards, that certain vessels may be temporarily 7 contracted 
to the point of obliteration, while neighboring ones may be carrying a 
full stream of blood. This intrinsic contractility of vessels in localized 
areas, while it has not been specifically demonstrated in the heart, is 
no doubt active there and may explain in part some of the discrepan- 



Fig. 1. — Diagram of the myocardial circulation. This diagram is based up 
embryological origin and the adult distribution of the vessels and theterm 
employed is compatible with these points of view and with the terminology ge 
employed in the vascular system. In development the endocardial sinusoidaL y 
develops first: the epicardial venous vessels develop next, and finally . the ep 
arterial vessels develop and join the other two, forming a common capijlaiy oe • 
endocardial or epicardial origin of the vessels as well as their variou 
interconnection are indicated in the diagram. 

Sinusoidal ostia are present in all four chambers of the heart. bv'ous 

Tntervenous anastomoses have long been common knowledge. They are o 
with the naked eye. , varheyen 

Sinusoidovenons anastomoses have been recognized by Thebeslus (1708), ' ; 

(1712),"= Lancicius (1740 [posthumous])* von Haller ,^ 780 ), '“ Abernathy 3 
Bochdelak (18G8), 3 (von Langer (1880),= Pratt (1S98), 34 Nussbaum (1912), *■ 

(1927 ) , 10 Wearn (1928)« and Grant and Viko (1929).® hv Wearn 

Sinusoido-arterial anastomoses were described by Abernathy (lvao)- anu 

Arteriovenous anastomoses were described and figured by Nussbaum (1912) ja 
Interarterial anastomoses are reported by Thebesius (1708 )," von -”‘ ftTO e . „ Tan ,j n 
Morgagni (1701) ,» Senac (1749),= Caldani and Caldani (1S10). 5 Ivrause (1S.9), Jan 
and Merkel (1907), 35 Spalteholz (1907)= and (1924),"” and by Gross (WD. ju . 

Sinus oido capillary connections are recognized by Vieussens (lion; riRfiS) 3 

(1 70S), 41 WinsloW (1770), 45 Verheyen (1712), 43 Lancisius ’, (1740) » , Bo r c lf^Jviko 
Henle (1880), 43 Hyrtl (1884), 14 Langer (1SS0),“ Gross (1921), 8 and Grant ana 
(1929).® 


cies obtained through the study of injected specimens. In the heait, 
in addition to tlie difficulties met with elsewhere in injecting the \es 
sels for study, the vascular bed is constantly modified by the contrae 
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tion and relaxation of the muscle itself. In dead hearts, after the 
effect of rigor mortis lias disappeared, post-mortem chat „ ' 

altered the distensibility of tl.e vessels and have “ ls0 1 ’T"“ 
integrity of their walls. Fixation and subsequent treatment fuitliei 

alter the validity of size determinations. 

Experiments with perfused hearts are open to the objection that the 
heart is not actually performing work* The vascular tree is eing 
deformed by the contraction of the myocardium, but the resistance to 
the outflow of vessels is not present. This type of experiment has been 
most useful, however, in indicating that, with vessels conducting fluid 
in a given direction, the heart heat can be maintained. Pratt has 
shown, 34 for example, that the heart beat can be maintained by irriga- 
tion of the sinusoidal vessels and also that the beat can be maintained 
for an even longer period by irrigation of the coronary veins. Con- 
sidering the absence of adecpiate valves in the cardiac vascular sys- 
tem and considering the connections indicated in Fig. 1, this is readily 
understandable; for, as Ave pointed out earlier, the capillary bed is 
the essential part of the circulatory system. It must be here empha- 
sized, hoivever, that these experiments demonstrated the possibilities 
of perfusion in certain directions, Avitliout indicating that these direc- 
tions of floAV actually occur in the intact organism. In the cases of 
double coronary artery occlusion, AVearn, 44 Leary and AY earn, 22 and 
previously Pratt 34 and Kretz 19 have advanced the explanation that the 
capillary bed received blood entering the sinusoidal A T essels from the 
heart chambers. Leary and AY earn state: “The only adequate ex- 
planation of the ability of these patients to live and Avork rests upon 
a belief that the Thebesian A r eins have supplied the compensatory cir- 
culation necessary for the functioning of the heart muscle.” This 
conclusion seems to he commonly arrived at by the process of exclu- 
sion; however, this mode of irrigation lias never been demonstrated in 
the intact animal. 

AYith these occlusion eases in mind, as Avell as the suggested expla- 
nation, avc decided to approach the problem directly by trying to fol- 
low the course of particles injected into an intact animal. In order to 
eliminate the coronary arteries from the field of distribution we pro- 
posed to introduce particles into the systemic venous circulation, of 
such a size that they would be filtered out by the lung capillaries. This 
P™ US . tlie opportunity to investigate all of the vessels bavin"- ostia 

” ®Y lght f e Any particles appearing in & ° vo 

caidial cn culation would of necessity have entered through these 

the ™ 01 anl’S: 

ssllr » wssaa.^ » 



212 


THE AMERICAN HEART JOURNAL 


In retrospect, we can divide our experiments into three groups 
which follow each other chronologically. A sufficient number of ex- 
periments from each group will be here reported in detail to show 
the character of our findings. Our first experiments were concerned 
with finding a suitable injection material. Dogs were used as experi- 
mental animals. 


FIRST GROUP OF EXPERIMENTS 

Unfortunately, there are no particles which have been standardized 
for use in injection experiments. For our first experiment we tried 
the glass particles which are sold for the purpose of “frosting” ob- 
jects for decoration. These are smooth glass particles, like beads 
without perforations, with a diameter ranging from 200 to 600 micra. 

Experiment 1. — October 2a, 1928. Dog under arnytal anesthesia. The right ex- 
ternal jugular rein was exposed and a cannula ligated in place. A 50 e.e. syringe 
was filled with a “suspension” of the above described glass beads in normal saline. 
These were rapidly injected to prevent settling. This was repeated (total 100 c.c.). 
The animal expired seven minutes after the termination of the injection. 

Findings . — Boentgenograms of the thoracic viscera showed extensive filling of the 
pulmonary vascular tree. Glass bead shadows were found singly and in clusters in 
the nonseptal portion of the right heart and in the interventricular septum. No bead 
shadows were seen in tlie nonseptal portion of the left heart. 

Direct Examination . — The heart, which was markedly dilated on the right side, 
was opened and examined grossly, and with the binocular microscope (Greenough 
type). Large masses of fibrin, containing enmeshed glass beads were found in 
the right ventricle. These strands ' were especially numerous in the crypts between 
the columnne carneae. No beads or fibrin strings were found in the left heart. In 
two instances beads were found within sinusoidal orifices in the right ventricle. 

Discussion . — The difficulty of retaining the beads in suspension suggested that 
a lighter particle would be more suitable. The dilated right heart and the filled 
pulmonary vascular tree indicated that death was due to the pulmonary embolism 
with the resulting fall of pressure in the left heart and in the coronary arteries. 
This condition, then, simulated to a great degree an acute coronary occlusion. 

Experiment 2. — November 1, 1928. Because of its availability in graded sizes 
we decided to use carborundum powder in our next experiment. We used the 
grade FFF, which was prepared by repeated washing with saline solution. Aftei 
each washing the finer particles were removed by deeantation. 

Procedure . — With the dog under amvtal anesthesia 100 c.c. of FFF carborundum 
powder suspension were injected into the right external jugular vein. Within two 
minutes after the beginning of the injection breathing ceased, and the animal 
went into an extension rigor. The heart beat could not be heard. The chest u.is 
immediately opened, the great vessels were ligated, and the heart and lungs uere 
immediately removed. 

Findings . — The lungs showed a patchy grey discoloration which on close in 
spection was seen to be carborundum. Grossly, the veins of the entire heart con 
tained carborundum. Inspection of these Tessels under magnification and dissec 
tion showed the coronary venous sinus and its tributaries to be well filled. n 
openbig the heart, the right side was found filled with a large, firm, carborun urn 
containing clot. The carborundum was found chiefly on the periphery. Some ex 
tensions of the clot into crypts came loose when the clot was washed out. K ‘ 
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ostia tlic aim— here ,c» f,M tvi.h the pattielea The S ,.e™,,e„ w.s « 

in formaldehyde solution and then cleared by the Spa to to r. mi 

“ntation of the cleared specimen the f, rulings noted above were mod. Car- 

borundum was not found in the loft heart. 

Discussion .- The finding of particulate matter in the superficial cardiac vems 
indicated tl.e surprising fact of a reversal of flow in these vessels. e <le»ernuned 
to investigate the influence of the massive clot and the dilated nght s.de of he 
heart on this reversal. It was considered highly possible that the conditions of the 
experiment were so nnusnal that they wove not only outside of normal circulatory 
conditions hut also outside of pathological ones. Further, the introduction of the 
material with a syringe so near the heart might have caused a direct injection. 

Experiment 3.— November G, 192S. The conditions of the last experiment, were 
duplicated except that particulate matter was introduced into the right femoral 
vein in order that the venous pressure might he less disturbed. The findings were 
in all respects the same, including the finding of carborundum in the coronary veins. 
Apparently the reversal of flow in the preceding experiment had not been caused 
by the pressure of injection. 

Our next experiments were directed toward finding a means of eliminating the 
massive clots formed by the carborundum. 


SECOND GROUP OF EXPERIMENTS 


It was suggested to us by Dr. G. M. Iliggius of the University of 
Minnesota, that colloidal graphite might, he a satisfactory substance, 
and that, in his experience, clots did not form when it was used. We 
found that the particles of the colloidal graphite were loo small for 
our purposes, hut we decided to try commercial flake graphite. 


Experiment. — April 10, 1029. Fine, flake natural graphite commercially ob- 
tained was prepared with physiological salt solution. The finer particles were re- 
moved by decantation and by the use of a centrifuge. A medium sized dog under 
amytal anesthesia was used. A gravity tube ligated in the right femoral vein was 
used for the injection. The graphite suspension was introduced at a maximum 
pressure of 12 centimeters of water. Twenty cubic centimeters were introduced 

after which, either due to a plugged cannula or to the failing heart no more would 
run in. 


Findings. No graphite was seen upon opening the abdomen. Upon openiiw 
the thorax the right side of the heart was found to be distended and firm. No 

we scenT T ^ ^ °” 0 P c " iH g **** dense clots 

rrr.rr. - - - *» - - i: 

r,i a ;° 7 u,c c „. 

'“7 ‘ te "* « f *■»*“*' *»- •» 'tta w ' <,ce “ *° 

77- ~ - - 
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per kilogram of weight were injected intravenously, and thirty minutes were allowed 
to elapse. The absence of the clotting, of the blood was determined by making- 
skin incisions and mixing graphite with the exuding blood. Thirty-five cubic centi- 
meteis of a graphite suspension were injected at a pressure of 110 mm. of water. 
Inspiration ceased in two minutes. 

Findings.— The cardiac blood was not clotted. Graphite was abundantly present 
in the coronary veins and in the cardiac veins. 

Discussion. In this experiment tire injection of the cardiac veins was due neither 
to the height of the injection pressure nor to the massaging action of the clot. 
Up to this time the pressures present in the right atrium of the heart and in the 
arteries had not been determined; however, gross observation showed them to be 
quite abnormal. This lack of information brought us to our third set of experi- 
ments. Here we endeavored to determine these pressures in the right side of the 
heart, and to bring them within normal ranges. 


’ f 

i 

t 

i 



Fig. 2. — Tracing of pressure in the left carotid artery. Experiment. December S, 19-9, 
at the time of injection of the graphite suspension into the systemic reins. 


THIRD GROUP OP EXPERIMENTS 

Experiment. — Carotid pressures. December 3, 1929. The conditions of this 
periment duplicated those of the one last recorded except that the necessary ap 
paratus was arranged to record the carotid pressure. The injection pressure "^ s 
cm. of water. The animal ceased breathing shortly after the injection o 
graphite suspension (Fig. 2). Graphite was found in the heart as in the pie'ioi 
experiments. _ , . 

Discussion . — The figure of the blood pressure curve (Fig. 2) is characteristic 
others that wc obtained later. This shows the extent to which the coronnrj press 
was reduced and also the height of the residual pressure, in these experimen s. 

In order to determine the pressures in the right atrium or its superior entranCj 
a water manometer was used, to which a cannula long enough to reach the iear 
attached. . ^ 

Experiment. — December 10, 1929. Dog was placed under amytal anesthesia.^ 
gravitj- injecting cannula was ligated into the right femoral vein, and heparin 
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administered. A cannula, inserted into the left carotid artery, was connected to a 
recording manometer. The right external jugular vein was isolated. A glass tube, 
paraffin coated internally, as an additional precaution against clotting, was inserted 
into the right external jugular vein, toward the heart, for a distance of sixteen 
centimeters. The tube contained sodium citrate solution, and the free end was 
connected to the water manometer. Part of a fifty cubic centimeter quantity of 
a graphic suspension was introduced into the femoral vein at a pressure f> cm. 
higher than the venous pressure at that point. The ensuing violent respirations 
caused such rapid shifts in the water manometer column that, all of the levels could 
not be recorded. Pig. 3 indicates those readings that were recorded. Especially 
significant is the maximum figure of 43.5 cm. of water. The carotid tracing was 
in all respects similar to Pig. 1. 





"r is *** *■» .»■« 

tlie specimen. 1 uuch more obvious after the clearing o 

adequate valves, a in . t,lis ^ular system with in 

results m a reversal of flow on the venous side' ‘ " ^-atrial pressur. 

As shown by Pip- 4 *i,„ 

ventricle, remote from the right Atrium "ti <Ustlibut( -' (1 “» veins of the lef 

of the a- gIlt t atriUm neeessar y for this reversal wafr 0 " ^ ^ minimu,n P^ssurc 
of the direct inspection of the vascular tree aS WCli as the Possibility 

Experiment. December 12 , 1929 Do ’ 
opened by means of a saw cut * rtf g ™ der ainytal anesthesia. The thorn 
carried out. Heparin V \ 1 ttmg the sternum. Artifiei! nX was 

38 adminiStCTed - The right ca^o D ■^^ ^ ^? 0,l '™ S 

} aiteiy was ligated in 
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the coronary sulcus as well as two branches of the anterior descending ramus of 
the left coronary artery in order to produce a localized fall in coronary arterial 
pressure. 

At this point direct inspection with a binocular magnifier, attached to a head 
band was attempted, in an effort to follow the direction of flow. The attempt was 
unsuccessful because it was not possible by this means to follow the flow in the 
rapidly moving heart and because localized immobilization was unsuccessful. 

Next a cannula having a side outlet at 20 cm. was introduced directly into the 
superior vena cava. Thirty cubic centimeters of a graphite suspension were in- 
jected into the left femoral vein at a pressure 5 cm. above venous pressure. 



Fig-. 4. — Dog’s heart from experiment, December 10 1929. 
seen in the veins over the left ventricle. The inset shows a 
indicated area. 


Graphite particles are 
magnified view of tne 


Pressure in the cannula in the .vena cava rose to the 20 cm. outlet tube ■ ^- g 

10 c.c. spilled over. The outlet was closed, but the pressure did not use a 
level. The animal lived for three minutes after the graphite injection. 

Fin-dings . — The right heart was markedly dilated. The lungs contained g • P ^ 
The heart (Fig. 5) contained less graphite than the preceding specimen, 
distribution was similar. ^ an 

Discussion . — The pressure here recorded, 20 cm. of blood, was ^ v0 

the 43.5 cm. of water of the previous experiment. The difference he wee 
pressure readings was probably due to the opened chest. The exp crime ^ con . 
that venous pressures within the range of pressures of patho ogic 
ditions could cause a reversal of flow in the heart veins. 
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Tll0 next experiment mas planned so as to reduce or to eliminate 

- vzzrzrr - zs% 

injection cannula mas inserted mto tl e ^ q£ „ ca nnula. A large 

jugular vein mas isolated, preli.nma J on wfljJ coinicct cd by means of a 

bottle partly filled mitb sodium ci > t 1 caimu m. The zero levels of 

syphon tube mitli a mater manom • J ^ ^ coinckle with the level of 
the manometer and tlie sjpmn ° Tkc an i inn l mas given heparin, and 

the right external jugular vem ( g- • ^ were Introduced at an in- 

thirty minutes later 40 c.c. ot a giapnu i 
jection pressure of 5 cm. of mater. 



Fig. 5. — Heart from experiment, December 12, 1929. Distribution of .particles 
indicating the extent of the reversal of flow in the cardiac veins with an intratrial 
pressure of 20 cm. of blood. 


The pressure in the right atrium, as indicated by the manometer, rose momentarily 
to 11 cm. of water and then dropped rapidly to zero. (This rise may have been 
due to the inertia of the system, for the pressure drop to zero coincided with the 
arrival of the blood column in the equalizing bottle.) To relieve the respiratory 
embarrassment the equalizing bottle was lowered until the manometer reading stood 
at minus five centimeters. The breathing continued labored and the heart stopped 
beating. 

Findings. The thorax was opened. The cannula was found within the entrance 
of the left atrium. The vessels were ligated, and the specimen was removed. 
Graplute particles were seen in the fresh specimen in the veins accompanying the 
anterior descending branch of the left coronary artery (Pig. 7). This specimen was 
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later cleared and tlie further distribution of particles noted. Fewer particles were 
seen in this specimen than in previous ones. 

D isctissio n . This experiment carried 'out under lower pressure conditions-con- 
ditions which are within the limits of normality— shows that high pressures on the 
venous side are unnecessary for the injection of the veins in the presence of the 
falling arterial pressure. 

The apparatus was modified by increasing the caliber of the tubing and shorten- 
ing the length of the connections, in an effort to lessen the inertia of the system. A 
graphite suspension was carefully prepared, and the size of the particles was de- 
termined by the use of an ocular micrometer. The minimum diameters of one hun- 
dred measured particles ranged from 51 to 210 micra. 

Experiment. — March 11, 1930. This experiment in all details duplicated the 
one last reported. Following the injection of 30 c.c. of the graphite suspension the 
pressure in the manometer did not deviate from zero. Blood appeared in the bot- 
tle, showing that tire system was patent. The animal died about three minutes 
after the injection. The thorax was opened, the intra-atrial position of the can- 
nula confirmed, the great vessels were ligated, and the heart was removed. Graph- 



Fig. G.— Arrangement of syphon bottle, manometer anti jugular cannula uiexpen- 
ment of December 19. 1929. The zero level was adjusted to correspond to tne ie 
of the right external jugular vein. 


ite particles were easily found in the veins. The specimen was fixed and latcT 
cleared by the Spalteliolz method. 39 

Examination of the cleared specimen confirmed the presence of the graphite 
particles of the largest size in the heart veins and showed the left ventricle to e 
free of graphite. 

Discussion. — In this experiment we feel that we have removed anj question 
cerning the reversal of flow in the veins at normal pressure levels in the rig v 
atrium, when accompanied by a fall of pressure in tne coronary arteries. 

It was suggested that perhaps tlie presence of the sinusoidovenous anastomo^ 
would account for the particles in the veins, without a reversal of flow being P r 
ent. It is true that in some of tlie specimens from our experiments we ha 
an injection of sinusoidal vessels, but we were never able in these to es ™ 15 1 ^ 

continuity of a chain of particles from the sinusoids to the vein. In a < ' 0 » 

cause of the large size of the particles used, because of their presence m >c ^ 
of the left heart, and because of the great quantity present in all vei«s in ‘ 
experiments, we did not feel that this mode of injection was a possibility 

ever, to answer this type of objection we prepared a suspension of grap. ^ 

very large flakes. This was injected into an animal on April b, * ])(> 

onr usual technic. The heart was removed and very carefully clearei 
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^^=77 r rb^rrrr, 

tHo presence „£ partial™ I. ^ ^ Rte , .Main «■!,». 

special illumiuants, an arc lamp in , ( , ]l!lra ,, 0 r, for the blond vessels. 

em.nr.ts t» a .elective illmmm. « - " ’ " . ,„,t of lire sine of vessels, r.si,. B 

B) - eerefrrl stud, of tire distrrlm.ron n^nre.,—^ ^ 

„„ ocular micrometer, rve neie suui. . tare , anastomoses em,M 

that mas s. MM analmnrerdly , "<•>' «« ^ „„ it 

be ruled out. Tire connections rr n panicles from sinusoids 

" tSHTpSTT* are fnlly eopuir.an, of es.rinsie 



Fig. 7. — Heart from experiment of December 10, 1020. The reversal of flow in the 
cardiac veins is shown by the distribution of the graphite in the veins. The intrn- 
atrial pressure reached a maximum of 11 cm. of water. 


factors which alter the size of vascular luinina, wc believe in the preseuee of an 
intrinsic alteration, and we appreciate the alterations, especially shrinkage of vessels 
caused by fixation, dehydration, and clearing, but we feel that the discrepancies 
in sizes here are too great to permit of any explanation, other than that the particles 


traveled into the vein in a manner exactly reverse to that which the blood is accus- 
tomed to follow. The largest particle is 800 micra by 1200 micra in this vessel and 
all of the arborizing (Fig. 8) vessels have been traced until their greatest internal 
diameter is less than one hundred micra. Fig. S is a composite illustration, made 
from camera lucida drawings. The diameters have been corrected to scale. The 
original drawings were made by rendering one tube of a Grecnough tvpc binocular 
vertical and attaching a camera lucida to this vertical tube. The other eye piece of 
the microscope was equipped with an ocular micrometer so that the measurements 
could be made. The illumination has already been mentioned. Focusing was ac- 
complished by moving the specimen. It was necessary to make a series of draw- 



220 


THE AMERICAN HEART JOURNAL 


ings because tlie vessel in Question +1 

horn its ostium in the right .trim to its 200 mim"°' " s ,oll » tl 

»pex- and then folios along the anastomotic vemTnfflTeli^T* 
to t,,is wi " •»«* *» - 


^PROBABLE MODE OP IRRIGATION IN CORONARY ARTERY OCCASION 

. b ' r f lUi ' m of U>° myocardium compatible with life, by venous blood 

" ™ . (Abbott,) - P ”«>o™ore, those that maintained tte 

the sinusoidal circulation supplied the mode of irrigation in cases 
of coronary artery occlusion were offering an explanation that de- 
pended m part upon the use of blood from the right heart. It is easy 



^ aTI ]era Hucida drawing of the lumen of an anterior cardiac vein from 
, peci fil en obtained from the experiment of April S, 1930. All of the connecting 
n'if„ l a diameter in the cleared specimen of more than 100 micra are delineated. 

anastomosis in the lower part of the figure has a diameter of -00 
era. The largest graphite flake measures S00 by 1200 micra. 


to understand how tlie myocardium can be maintained by venous blood 
when we recall that the oxygen tension of venous blood ranges from 
60 to 70 per cent while the figure for arterial blood is 95 per cent. 

In cases of occlusion of the coronary arteries we suggest that the 
blood passes into the veins at the time of atrial systole, it may flow in 
part through sinusoidovenous anastomoses into the ventricles as well 
as into the capillary bed. We believe that this blood is forced from 
the capillaries with the onset of ventricular systole. It is entirely pos- 
sible that tbis blood reenters tbe heart chambers by two sets of chan- 
nels, the veins and the sinusoids. The time periods of the heart cycle. 
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the rate o£ blood flow, ami the length of the vascular tal ™|he tin* 
flow and ebb explanation phmsible. In Home ^ 
hove seen on injection of the sinusoidal ostia a . . '• 

that blood also enters the capillary bed by these cl.ni.ne s h • t ■ 
present we have not endeavored to alter onr experiments In tvalnal 
the exact relationships between those two systems. 1 here need be 
nothing- incompatible in the idea that Ihc capillary bed is supplied m 
both manners; although, if, as it is commonly thought, the ventricular 
sinusoidal vessels are filled during systole, it seems 1o ns ditheult to 
visualize how the capillary bed can he irrigated at this tune when ex- 


ternal pressure is greatest. 

By considering the connections of the vascular system of the he.nt 
(Pig. 1) and by considering the absence of competent valves, the irri- 
gation of the heart in coronary artery occlusion seems to us to become a 
simpler problem. The blood undoubtedly flows from vessels of greater 
pressure to vessels of lesser pressure. We realize that we have. not. 
determined the exact pressures involved, because ive have not deter- 
mined the effective pressures, i.e., the differences between the intni- 
atrial pressures and the intrathoracic pressures, under the conditions of 
our experiments, nor have we obtained intraventricular pressures to 
accompany these. These pressures no doubt will have to he deter- 
mined and carefully compared before all of the ramifications of this 
problem are clear. 

Again we mention the work of Pratt in 3898, showing that irriga- 
tion through veins was adequate for maintaining the perfused heart, 
and we also note that he considered this of sufficient importance to 
give it a subheading in his report. Porter, 33 in observing the hearts of 
eats and dogs recovering from fibrillary contractions, believed that 
this occurred through irrigation of the heart through the sinusoidal 
vessels and the coronary veins which were in a position peculiarly well 
adapted to function as a result of the pressure changes taking place 
in the ventricles during this state. 


CLINICAL, IMPLICATIONS 

The myocardial capillary bed lias three connections with the blood 
stream, the sinusoidal vessels, the veins, end tlic arteries (Pig. lj 
. mee the direction of flow in none of these vessels is determined bi- 
valve , we believe that it must be determined normally, „ml in am- 
pathological condition met clinically by the pressures in the respective 
vessels and by the obstruction to flow encountered. Our experiments 
support tb, s view and indicate that in double coronary artery occlusion 
he flow is from the veins into the capillary bed. This i„-i Atto n b 
the venous system may be .significant in other cardiac condiHoHs 
Tlie pain present, m angina nectori^ on/i ^ • 

coronary occlusion is usually reorder! as 01,^10 " n 08868 ° f loeaIkcd 

• 0 aert ns chlG to an anoxemia of the 
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myocardium. This pain usually disappears with the inception of 
cardiac decompensation, with the onset of atrial fibrillation, or with 
the development of complete heart-block. Mackenzie 27 believes that 
shortness of breath so limits activity in these conditions that the pa- 
tients are prevented from exerting’ themselves sufficiently to induce an 
attack of angina. This explanation has not been completely satisfac- 
tory (McCrae 26 ). If we accept the current belief of the anoxemie 
origin of the pain, then, on the basis of our experimental findings, we 
are in a position to offer another explanation for the disappearance 
under the conditions just noted. In cardiac decompensation and atrial 
fibrillation there is produced an increase in the intra-atrial pressure 
which favors a reversal of flow in the veins with its resulting irriga- 
tion of the capillaries of the anoxemie areas. 

In complete heart-block, especially with the inception of Adams- 
Stolces syndrome, the pressure relations are again such as to favor a 
reversal of flow in the veins with the resulting irrigation of the myo- 
cardium. During the periods of asystole the coronary artery pressure 
falls to an extremely low level. We suggest that the continuance of 
atrial contractions during ventricular standstill are largely responsible 
for cardiac irrigation, as a result of which the vitality of the myo- 
cardium is so maintained, that a succeeding, effective impulse causes 
restoration of the idioventricular rhythm. Instances of recovery from 
ventricular fibrillation have been reported in man. 17 In this condition 
irrigation of the ventricular muscle, by the coronary arteries is ex- 
tremely unfavorable, but it could be easily attained by the reversal of 
flow in the heart veins. 


SUMMARY 

The myocardial capillary bed lias three sets of connecting vessels. 
Named in the order of their embryological appearance and function 
these are : the sinusoidal vessels (in which are included the Thebesian 
Veins), the cardiac veins, and the coronary arteries. With the elimi- 
nation of the arteries as in double coronary occlusion, the mode of 
irrigation of the capillaries has not been understood. 

The direction of flow in the cardiac vessels joining the right heait 
was investigated under conditions simulating double coronary aiterj 
occlusion. Particles too large to pass through the lungs were injectec 
into the veins, toward the heart, in anesthetized, heparinized ( <VS- 
These particles were uniformly found in the coronary sinus an ® 
coronary veins. Their size was too great, and the arborizm^ a 
anastomosing veins were too small, to allow for any coiuse o 
other than from right atrium to veins. The sinusoidal vess 
(Thebesian veins) were excluded as a possible source of t lese pa 
in the veins, although irrigation of the capillaries m part, 3 1 

was not excluded. 
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With a low pressure in the capillary bed (as in cases of double 
coronary occlusion or as in our experiments), flow in the veins during 
atrial systole is probably toward the capillary bed, the capillary bed 
being- emptied during the ensuing ventricular systole. In arterial oc- 
clusion this would give a flow and ebb circulation for the myocardial 
capillaries by way of the veins. 

This irrigation by venous channels may explain the disappearance of 
pain in angina pectoris, with the inception of those complications ac- 
companied by a fall in the coronary artery pressure. 


Most of the experiments for this study were carried out in the Department of 

Research Surgery. We thank Dr. I. S. Bardin and his staff for the many facilities 
winch they furnished us. 

We are indebted to Dr. H. C. Bszett, Professor of Physiology, who reviewed 
our experiments. oJ> eneu 
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POSTURAL 11 YPOTEXS1 OX 
A Cask Report* 

H. II. Riecker, M.D., axp 15. <L Uimohx. M.D., 

Akx Akuou. Mich. 

o OSTURAL hypotension was established as a clinical entitj b> 

1 Bradbury and Eggleston 1 in 1H25 with a report of three rn«*s In 
1928 two cases were reported by Christ and Crown- and two >> • * 
Vaughan* The following ease makes eight now reported, but it is 
probable that the syndrome is much more common than the repoits 

indicate. 

The clinical picture now is well established and permits recognition 
of the disease from the history. The essential points are the complaint 
of dizziness upon changing the position ol the body Irom supine to 
erect and the prompt relict of the dizziness hv rosissuming a reclining 
posture. This may vary from slight, vertigo to actual tainting, 1 he 
diagnosis is confirmed by blood pressure readings in the two positions. 

Certain other associated symptoms seem snfiieiently common to he 
included in the symptom complex. These are a marked pallor of the 
face during the attack with temporary blurring of vision and involun- 
tary closing of the eyes. The hands and feet become cyanotic during 
the erect posture. There are also numbness, tingling, and slight con- 
vulsive jerking of one of the arms, frequently associated with sweat- 
ing of the limb. The jerking movement is not unlike that seen in the 
Stokes- Adams syndrome or carbon monoxide poisoning, and might he 
mistaken for an epileptiform seizure should fainting occur. Weak- 
ness, ease of fatigue, and dyspnea on exertion arc common. It. has 
been noted that patients feel more uncomfortable during the summer 
months. 

In all cases it is agreed that the basis of symptoms is a relative ane- 
mia of the brain due to lowering of the cardiac output in the erect 
position. There is no agreement; in the cases reported as to the patho- 
logical change affecting this occurrence. 

CASE REPOUT 

Jr** marr i CCl 1 , A,nC1 ' icn "> a £ ctl sixf .v years, laborer, complained of diarrhea 
‘ 4 4 “ SS gra{hmlly “creasing for two years. The colitis disappeared followin- 

natioT ° f a i igl \ Vita ™ di0fc »" 4 but the 2 

patient was obliged to he m bed constantly. On arisinn to tho v 

— «— » »»" » -- ^ .? 'vtzzzrz 

Ann A 0 rbon h Mtehig a a r n ment ° £ Internal AlecUcine of the the University of Michigan, 
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symptoms were alleviated somewhat by walking rapidly, but reappeared promptly 
upon standing still. The patient easily became short of breath upon exertion. 
There had been no loss of appetite. Dizziness was more pronounced in the morn- 
ing following a bowel movement. While sitting quietly in a chair the patient often 
noticed increased sweating of the left side of the body. 

Physical Examination. — Height 70 inches, weight 180 pounds. Sthenic habitus 
with rather wide costal angle, appearance and age coinciding. The patient was 
hyposensitive according to Libman’s classification. Moderate emphysema. The 
vital capacity was 2300 c.e. or 55 per cent of the normal. The cardiac silhouette 
was of the aortic type but not definitely’, abnormal. There was general arterio- 
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Chart 1. — Pulse pressures in the several positions. 

sclerosis, and the retinal arteries showed moderate sclerosis. Blood pressuie re >> 
ings: right arm: supine 140/70 mm., sitting 70/50, standing 38/25, rig 
(above knee) : supine 235/70, sitting 212/SO, standing 145/76. 

Laboratory Data. — Urine negative. Peripheral blood normal. Electrocardiog ^ 
normal. X-ray studies of chest, gastrointestinal tract and skull negative, 
rintkine tests normal. Basal metabolic rate -1 per cent (test satisfactory). 

The following special examinations were directed toward the complaint . 
adrenalin subcutaneously produced an increase in blood pressure to - + r ictive 
This was accompanied by a large number of extrasystoles and a sharp cons 
substernal pain. The patient became extremely sick and required the imme ia 
plication of amyl nitrite for relief, suggesting latent angina pectoris e 
However, dizziness could not be induced while the 'effect of adrenalin rern 
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Fhenohulphoncphthdein Tests .- Supine excretion in two hours (intravenously) 
35 cent sitting 11 per cent. In one ease of Christ and Brown the phenol- 
sulphonephtlvalein output was greater in the standing position. Blood pressure 
readings were taken by means of the Tycos recording sphygmomanometer an the 
various positions. In the erect posture besides the extremely low blood pressure 
the pulse pressure diminished to about 10-15 mm. mercury. When the patient was 
placed at rest with the head down, the blood pressure rose from 140/70 to 170/90 
showing that the vasomotor center was unable to maintain the normal pressure in 
this position as well. 

Studies on the heart were directed to show alterations in size with position by 
teleroentgenogram. No difference beyond the limits of normal could be demonstrated. 

The water excretion test of Yolhard was done in the two positions as a further 
study of the kidney circulation. In the supine position the output in four hours 



Chart 2.— Change in pulse pressure with head down. 

■ftas 1200 c.c. from an intake of i^oo 

test demonstrates ( 1 ) normal kidney functio^P^a^fi” t C ' C ‘ T1 ” S 

m the upright position- and i'll „ ,, ’ deficient kidney circulation 

thalein tests. ’ ‘ ( rms tlie fuuh "S s the phenolsulplioneph- 

scr’imrx t *■; *•. «„ g „ « P , 

a trained observer. It was noted 111 bof]l l )oslt ions constantly, by 

the feet became cyanotic and that this suhsH \ .r heU tl,e patieut was standing 
Treatment with small doses of heS ° ^ ° ™ -Iking, 

suggestion of Christ and Brown seemed n i g ' tU ' 1Ce a dn >') following the 

the patient left the hospital, after one month “°f erate, r ^’^essful, and with this 
occupation. The changes in blood pressure :h * option, not able to resume his 
3 - P SlUC aie sl,0Wa graphically in Charts 1 2 
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COMMENT 

This case is somewhat different from those reported by Bradbury 
and Eggleston in that there was no evidence of a thymolymphatic con- 
stitution. The blood pressure readings and the pulse pressures were 
lower in the reclining posture than in any of the seven cases previ- 



Chart 3.— Changes after use of 100 mg. of ephedrine (patient on table). 

We can find no explanation of the underlying pathology in ^ ^ 

other than that the vasomotor regulating mechanism was incapa^^ 
responding in a normal manner to changes in position. Tins is s ^ 
by the fact that it failed to respond when the head was doiin ^ 
as when the standing posture was assumed. It is suggeste ^ u ^ 
pathological lesion here might be that of cerebral arteriose ^ 

a special predilection to vasomotor mechanism. The expel mien 
Leonard Hill in 1887 explaining the changes in blood pressure 
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posture outlie basis of bleeding- into the splanchnic area arc difficult to 
confirm, and we are quite loath to accept, these results as appl> ing to 
this case or to the others in the literature, although a marked hydro- 
static effect cannot be denied. There was no evidence of congestion ol 
the kidneys on standing (easts, red cells and high water excretion) 
nor in any of the eight cases did increased abdominal pressure by 
bandage change the blood pressure. With the cyanosis of hands and 
feet, the marked decrease in kidney function, and the negative effect 
of abdominal bandage, it is obvious that there is a general rather than 
a splanchnic dilatation of the blood vessels in the erect posture. 

That the peripheral vasomotor endings are intact is shown by the 
response to epinephrine and ephedrine. 


CONCLUSIONS 

A case of postural hypotension in an elderly man is reported in 
which arteriosclerosis and a lowered vital capacity were prominent 
finding's. 

The pathological physiology in this case seems to be a greatly re- 
duced stroke volume of the heart induced by failure of the vasomotor 
nervous center to respond to the hydrostatic effect of the standing 
posture. 

With the report of eight cases the clinical syndrome is well defined, 
and capable of recognition from the history. 
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CARDIAC ANOMALY (SO-CALLED DOUBLE LEFT AURICLE) 

Report op a Case* 

George A. Palmer., M.D, 

Cleveland, Ohio 

INTRODUCTION 

r T~*HE heart is subject to more individual variations and anomalies 
'*■ than any organ in the body. The majority of these anomalies 
can be explained on an embryological basis. However, there are a few 
cases for which no adequate explanation has yet been offered. This 
case falls under the latter category. Cardiac anomalies can be divided 
into (1) viable and (2) nonviable. Many cardiac anomalies are not 
recognized until death, while others are recognized accidentally, and 
still others act as a primary factor in the cause of death early in life. 
There are innumerable classifications of cardiac anomalies, both clini- 
cal and pathological, but that of viable and nonviable seems best 
suited to this discussion. 


CASE REPORT 

History . — The patient, L. P., a male infant of three and one-half months, was 
brought to the University Hospital with a chief complaint of “trouble with the 
thymus gland." 

Family History . — The mother and fattier were living and well. There were six 
other children, living and well; none were dead. There had been two miscarriages, 
one preceding the birth of normal children, the other following the birth of normal 
children. There had been no stillbirths. 

Birth and Developmental History . — The child was horn at full term; the deliver} 
was normal and spontaneous. He was quite blue at birth. He weighed eleven 
pounds. There were no convulsions following delivery. 

Present Illness . — The mother stated that the child had always been rather sickly, 
that he had diarrhea during the first five weeks of his life and had had inter 
mittent attacks of difficulty in breathing, associated with cough and cyanosis. These 
attacks increased in frequency and severity as time went on. When the infant 
was five weeks old, the mother noticed a change in his voice. Previously it was 
normal in quality, whereas it changed to a high-pitched reedy note, suggestive o 
some obstruction in the larynx. At the onset, the cyanosis was noted onl} a on 
the lips and nail-beds, only during the attacks of difficulty in breathing. As time 
went on, however, the child became constantly cyanotic. Two roentgen-ray **_ea 
ments were given over the region of the thymus before the child was admitte 
this hospital. _ . 

Course in the Hospital . — The child was put in semi-Fowler's position, S ^ 
oxygen almost constantly for cyanosis, codein for restlessness and •> mmm ^ 
digifoline every three hours. A loud systolic murmur was heard at the apex 

*Erom the Department of Pathology, University Hospital, Ann Arbor, Mich g 
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transmitted practically throughout tlie chest. Anteroposlerior and lateral plates 
of the chest were taken which showed marked enlargement of the heart, incomplete 
aeration of the upper lobe on each side and slight tracheal contraction in the lateral 
projection, probably due to anteroposterior enlargement of the thymus. Examina- 
tion of the blood showed It.R.C. 3,100,000, W.R.C. 12,'JOO, hemoglobin 82 per eent. 
The urine examination on entrance was negative. The day following admission the 
child’s temperature was 10-1 degrees F., and rales were heard over the left eliest 
and axillary region. The child’s condition became progressively worse. The tempera- 
ture rose steadily and finally reached .1 OS degrees F. The respirations ceased forty- 
eight hours after admission. A clinical diagnosis of congenital heart disease with 
questionable bronchopneumonia was made. 

Autopsy Findings . — An autopsy was done one and a half hours after death. The 
body, CO cm. in length, appeared to he somewhat younger than the stated ago. It 
was considerably undernourished and underweight. The lips and nail-beds showed 
a marked degree of cyanosis. There were no other external findings of significance. 



of Sight Il ventrlclo ,l and n ^r?cle?' ,r ^ aCC iS niat1c Up entirely 


examination of the 


The autopsy was limited to the thorax oulv ]> 

isceia while in situ revealed no . i-',- ~ 

measured 8 cm. below the ensiform e-irfl ' T**- 11,0 l0 "’ C1 ' bnr<1(>1 ' of ,l10 r ” 

- wn * 

»,n,' sea ““ *-*• i » „ 
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On opening the left side of the heart the ventricle was found to be very small 
The wall averaged only 4 nnn. in thickness. The inside diameter of the left ventricle 
measured only 1.5 x 2 cm. There were no interventricular openings. On opening the 


Proba in ductus arteriosus 
/s' ^ Aorta opened 
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Ifitl /Anomalous septum ; 
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Pig. 2. — Shows the left heart opened. The probe is in the pulmonary vein and 
extends into the anteroinferior chamber of the left auricle. (The intraauricular 
opening has been stretched, causing it to appear much larger than it actually was.) 


Posterior superior .chamber 

Anomalous 

septum 



erior 

inferior 

chamber 

' Sf 

l >. ^ 


i Left ventricle 


Pig. 3. — Same as Pig. 2 except that the anomalous septum has P of t , lG 

stretch, thereby showing the posterosuperior and anteroinferior c . 
left auricle. 


left auricle the mitral valve was found to be normal. Arising, hov, e^> cr, r ^. cu j ar 
posterolateral surface of the left auricle and extending toward the interau 
septum was an anomalous fibromuscular septum. This septum almost 
divided the left auricle into a larger posterosuperior, and a smaller anteroi 
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, i • t - v 9 r i pm mid 1 x 1.5 cm. respectively. The 
chamber, the inmde bemg — _ t to the interauricular 

septum measured 11 x 11 x 1 mm it fc ^ ^ ^ Wood to pass the sep- 

septum, there being approximately onlj . • anteroinferior 

turn (Pig 2). The miniature auricular appendage was gnen 

chamber Pig. 3 shows the left auricle and ventricle opened with anomalous septum. 



Fig. 4. — Interior of right heart allowing the large foramen ovale and fusion of tricuspid 
valve. Note thickness of right ventricular wall. 


/*.. >v v . -n.\ 
- V 


N ■ ' , Genus, pul-mo wali« 


i 


icuspld valve, 


Va 


L l V>5?'®SSt -Mqht 

■ '• ' * v&ntrick ■ 




e conus pulmonalis. (Compare with Fig 

The pulmonary veins had united and entered tl, P 
single vein. The much enlarged foramen ovale neaJLi^TxT' ^ ‘ 

almost opposite the entrance of the pulmonary vein in the t ^ 7° 3 
thereby connecting the right anricle and the pLIC" ^ 
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The inside diameter of the right auricle measured 2.3 x 3 cm. Two of the cusps 
of the trieuspid valve were fused to produce in reality a bicuspid valve. The wall 
of the right ventricle averaged 8 mm. in thickness. The inside diameter of the 
cavity measured 4.3 x 4.5 cm. (Fig. 4.) 

The pulmonary artery was considerably larger than the aorta, measuring 12 mm. 
in diameter, as compared with the aorta which measured 7.5 mm. in diameter 
(Fig. 5). The ductus arteriosus was patent, the lumen measuring 1.5 mm. in 
diameter. Although patent, it was evident that only a very small amount of blood 
was transmitted through it. The coronary vessels were normal in their distribution. 

Microscopic Examination . — Tlie aorta showed a patchy slight sclerosis of the 
intima. The cardiac musculature was well formed but rather hypertrophic for the 
age. The lungs showed partial atelectasis, congestion and small petechial hemor- 
rhages. All of the vessels were dilated and their walls showed slight hypertrophy, 
particularly the arteries. There was no pneumonia. The peribronchial lymph 
nodes were rather hyperplastic. Both the larynx and esophagus were negative. The 
thymus showed fibroid rather than fatty atrophy. All adipose tissue showed 
starvation atrophy. 


LITERATURE 

There have been to date ten fully reported cases of this extremely 
interesting condition. The first case to be reported tvas by Church in 
1868. Fowler in 1882 reported a case in which the patient lived forty- 
two ears. He described a vertical membrane with many perforations. 
The presence of these perforations may be the significant factor in the 
relatively 1 ' long length of life. Griffith reported two eases, the first in 
February, 1896, to the Anatomical Society 7 ', desci’ibing an upper and 
lower left anricle. The second, in 1903, was found in a man forty- 
three years old who died of Bright’s disease. Sidney 7, Martin in 1899 
reported a case with upper and lower left auricle. Peter Potter and 
Ranson in 1904 reported a case found in a colored child who died of 
asphyxia. They r described three right and two left pulmonary veins 
emptying into the upper posterior auricle. There were five small open- 
ings and one large opening in the anomalous septum. This case would 
tend to show that the presence of perforations in the septum is not a 
factor in determining the length of life. Borst reported a case founc 
in a man thirty-eight .years old. He described one left and foiu light 
pulmonary 7, veins emptying into the upper posterior chambei. 1C 
foramen ovale was not patent. William and Abrikossoff, in 1906, ie 
ported a case found in an eleven-y r ear-old boy. The left auricle vas 
divided into two parts ; the upper surface of the septum was concax e, 
the lower convex. In the anteromedial pai’t of the septum v as a one 
half centimeter opening. Peter Ilosch in 1907 reported a case on| 
in a twenty -five-day-old infant. There was a wide open ductus o a 
Just posterior to the foramen ovale was another interaiuieidaz °P e ^ 
ing. Stoeber in 1908 reported a case with no opening in the an ° 
alous septum of the left auricle. The veins of both uppei un D 0 
emptied into the right auricle, so only 7 the veins of the low ei o es 
tied into the upper small left. auricle. The middle lobe o ie u ° 
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tang was absent. There was a patent foramen ovale with a rudimen- 
tary valve, which was a continuation of the septum itse • 

SUMMARY 

There is no adequate embryological explanation for this anomalous 
septum in the left auricle, as there are no embryological rests from 
which it could develop. A plausible but not proved exp * 
that the anomalous septum is an inversion or direct extension of t 
wall of the pulmonary vein, i.e., that m reality the snia ei an . 
inferior chamber is the normal left auricle, while the posterosuperior 
chamber is the dilated end of the pulmonary vein. Another possible 
explanation, although not applicable to this particular case, is that thr 
anomalous septum may have arisen on the basis of (1) a fetal endo- 
carditis or (2) an organization of thrombi. 

This case had both a peripheral and aortic anoxemia. There was 
insufficient blood pumped from the left ventricle through the aorta to 
the peripheral circulation, and also this blood was mixed blood. The 
blood in the pulmonary circulation was sufficiently aerated, but the 
difficulty was that an insufficient amount of this blood reached the sys- 
temic circulation. 

There are three factors which determine the duration of life in cases 
of this type : (1) the degree which the intraauricular septum prevents 
the blood from the pulmonary veins from passing through the mitral 
valve; (2) the size of the foramen ovale; (3) the relation of the intra- 
auricular septum to the pulmonary veins and the foramen ovale. 

The large foramen ovale was the only factor in this case which was 
conducive to long life. The fact that the anomalous septum so nearly 
completely divided the left auricle and thereby prevented the blood 
entering from the single pulmonary vein from passing the mitral valve 
to the left ventricle was a highly important factor in the short dura- 
tion of life. Perhaps the most important factor, however, was the 
relation of the anomalous septum to the pulmonary veins and foramen 
o\ale. The intraauricular septum in this ease was very considerably 
stronger than the interaurieular septum, and there was only a 6 mm. 
slit for the blood to pass the septum to reach the mitral valve and thus 
the left ventricle. The large foramen ovale was located almost oppo- 
si e ie entrance of the single pulmonary vein, thus making a much 
roer communication between the posterosuperior chamber of the left 
auricle with the right auricle, than with the anteroinferior chamber 

ZZlZZ 7 “ Cl r *! lat the iuf0nt dM a celiac death with 
ootii an aortic and peripheral anoxemia. 
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r-p-VYO facts concerning the action of digitalis made possible the pics 
1 ent investigation: (1) that digitalis acts upon a number of cardiac 
structures aud produces a number of effects that can be detectec m 
the electrocardiogram— sinus slowing, depression of conduction, in- 
creased rhythmicity of the A-V node or ventricle action upon the ven- 
tricle to change the T-wave or the R-T (or S-T) interval; and (2) that 
it requires more of the drug to produce some of these effects than 
others. This study was planned to ascertain whether or not the per- 
centages of the fatal doses that produce the various changes are the 
same for different members of the digitalis group. 

It is well known that digitalis leaves themselves, the pure glucosides 
and the various other members of the group, show wide differences in 
their chemical composition, physical properties, and pharmacological 
behavior (potency, rate of absorption, persistence of action, rapidity 
of onset of action). There have been no satisfactory studies of the 
question of qualitative differences in the cardiac action of different 
digitalis bodies. Our use of the term, qualitative differences, may be 
best explained by the following illustration. Apomorphine may be 
prepared from morphine by the removal of a molecule of water, and 
each drug possesses most of the actions of the other, but the ratios of 
the intensity of action upon one structure to that upon another have 
been so markedly altered that in effect it amounts to a qualitative 
change in the actions of the drugs, so that one is used to stimulate the 
vomiting center and the other to depress the centers for the percep- 
tion of pain. "With reference to the digitalis bodies there was the 
question whether the chemical differences that render one less soluble 
in water, more readily absorbed from the gastrointestinal tract, more 
persistent in its action, may not also change the relative intensity of 
the different cardiac actions so that whereas, for example, ectopic 
heats with one specimen might he called forth only after 50 per cent 
of the fatal dose, these might be produced with another specimen after 
as little as 20 per cent of the fatal dose. Such differences would of 
course he qualitative in effect, because under such conditions two 
specim ens might be equally potent when measured in terms of the 
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fatal action, yet one might be effective in slowing the sinus rate while 
the other would not, since in the latter ease ectopic beats would ap- 
pear before sufficient drug was present to slow the sinus. As a matter 
of f ac f> the results obtained by the usual methods of bio-assay of 
digitalis have been criticized on the ground that, although they fur- 
nish an estimate of the relative toxic activity of different specimens, 
we have not sufficient knowledge as to what extent these variations 
in toxic activity reflect the relative potency of different specimens with 
reference to phenomena occurring within the therapeutic range. 

It was, therefore, an important question to determine, not only whether 
different members of the digitalis group produce the same types of 
cardiac changes, but whether the ratios of the amounts of the drug 
required to produce these ehanges to the amounts of the drug re- 
quired to cause death are constant or vary for different digitalis 
bodies. This was made the subject of the present study. These data 
would afford an indication as to whether or not different digitalis 
bodies act with the same relative intensity (in relation to the fatal 
dose of that preparation) upon the different structures of the heart. 

EXPERIMENTAL PROCEDURE 

Seventy-seven experiments were carried out with six members of the digitalis 
group showing marked differences in their physical chemical and pharmacological 
properties : 

1. A tincture of digitalis of an American grown leaf (of high potency). 

2. A tincture of digitalis of a German grown leaf (of low potency). 

3. A specimen of the chloroform fraction, “purified tincture” 1 of digitalis (veil 
absorbed, very persistent in action). 

4. A tincture of adonis (poorly absorbed, very persistent in action). 

o. Ouabain (soluble in water, poorly absorbed, relatively brief persistence of 
action) . 

6. Digitoxin (Merck) (insoluble in water, well absorbed, very persistent in 
action). 

The tinctures were diluted with 19 volumes of normal saline after the at 
cohol had been evaporated with moderate heat. A few of the experiments "C 
carried out without the removal of the alcohol, but the results were essential 
same. The ouabain was dissolved in normal saline so as to make a so u 
of one in 100,000. The digitoxin was made into a one per cent alcoholic so u aw, 
and the latter was diluted with normal saline so as to make a s °^ u l0! * 
digitoxin of one in 10,000. About 5 per cent of the average fatal dose o t ie > ^ 

was injected from a burette at intervals of approximately five minutes unti ( * ^ 
Cats were used in all. The animal was kept tied in the supine position 1 ^ 
the experiment. Several electrocardiograms (only Lead II was used) 1,1 ^ 

of from five to fifteen minutes were taken before the injection of the n ^ ^ 
started. A tracing was then taken just before each injection. The moienio^ 
the string was sometimes observed throughout the experiment, and additions ra 
were taken when abnormalities were detected. For each experiment m 
approximately twenty-five separate tracings representing about 40 feet o 
cardiogram for analysis. Eleven to sixteen animals were used in the stu J 
preparation. 
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.-It wns obvious, >■ dcsimbio 

animals in a condition as nearly normal and const., • T> t o 

shown that ether anesthesia depresses the vagus and ^ ^ vngnl 

stimulation by morphine.® Since some o ie ( g . , resulting from 

influence, it seemed possible that the order o some of it JeU »»gc res ^ ^ 

the drug might be altered by the ether Tl,c effects of 


a fixed anesthetic might in several ways prove more satisfactory. ^ 

anesthesia by the intravenous injection of barbital sodium was test Whcj| 

Each of three of these recieved 200 milligrams per kilogram 11 S ' , . .j 
some anesthesia had been induced, the injection of digitalis was earned out 

usual manner. 


TUn results were very variable, and while it cannot be stated whether 
usual manner, live results nue +1 ,„f 

larger numbers of experiments would not reveal a tendency different from that 
in unanestlietized animals, the behavior toward digitalis of each of these three » 
duplicated essentially in the unanestlietized group (sec animals 14, la, lb ot ta» 
II). Electrocardiograms were taken approximately every fifteen minutes for severa 
control records before the barbital, then after the barbital injections for periods 
of 165 minutes (in one experiment in which only barbital was used), 272 minutes 
(animal 14 of Table II), 233 minutes (animal If, of Table II), and 141 minutes 

(animal 16 of Table II). In the first animal the heart rate varied between 140 

and 160 a minute during forty minutes of control. During the first ten minutes 
following the injection of 150 milligrams per kilogram there was almost incessant 
struggling. .An additional 100 milligrams per kilogram were injected, and after 
about twenty minutes the animal became quiet. The heart rate, however, was 

accelerated to 220 a minute which rate gradually diminished during the next, two 

hours to 180 a minute. The mean blood pressure (taken with the mercury manom- 
eter from tlie carotid artery) had fallen from 180 to 126 mm. The form of the 
electrocardiographic deflections showed no significant changes. The temperature fell 
to 99.4 degrees F. and the animal began to shiver. The condition of the animal 
was, therefore, not constant for any considerable period after the injection. In 
experiment 14 (Table II) the heart rate diminished gradually from 225 to 150 
during a period of two and one-half hours, and the blood pressure fell from 160 to 
100 mm. In experiment 15 (Table II) the rate at first increased from 210 to 255 
a minute, then gradually diminished during a period of about four hours to 1S5 
a minute with reduction of the blood pressure during this time to 98 mm. The 
heart rate, however, continued to fall during the digitalis injection, and it was not 
possible to ascertain whether that was due to the digitalis or merely a continuation 
of the barbital action. In experiment 16 (Table II) the heart rate remained 
practically constant, though the animal continued to be restless throughout the 
experiment. The use of the fixed anesthetic was discontinued because the reaction 
to the barbital varied greatly; there was considerable restlessness even after very 
large doses, and there were progressive changes in the heart rate and blood pressure 
as rail as m the general condition of the animal which occurred gradually 
periods of time 


over long 


The operation for the insertion of the cannula Into 
formed during local anesthesia with P < VC,1) "' aS rCT ' 

out any general anesthesia. OeeasSly *£d doT T T° ^ 
very quietly, but often there is rcp3 s L^hfre^ ^ ^ 

m the heart rate, and sometimes changes in the electrical fluctuntionB 

mg the direction of the deflections, such as inversion ° alte ’" 

an E to an S-wave. These chances «-pv„ .. e ^'" avc i or change of 

subsequent tracings. We also found that . . .. / tcmporar ,' 0,13 disappeared ill 

after doses o, dfgU.iia ‘“S' tot 8 .!? * —«*■>« 

nas quiet. Such response would be ennected in ■ c t lcm "’ ll0n tlie animal 

slang,, prodnood b r digit,,!, depended upon 
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and the changes will appear with smaller or larger doses depending upon whether 
struggling has intensified or diminished the activity of these nerves. This has 
been made the subject of a separate investigation. In dispensing with the anes- 
thesia we have obviated the necessity of considering possible disturbing factors 
of another drug. It is -well to note, however, that the condition of the unanestbetized 
animal is not normal in the strict sense and far from constant; the results obtained 
with digitalis in the animal whose ventricle is subjected to strong accelerator 
stimuli (as in violent struggle) are not the same in some respects as those obtained 
when the latter stimuli are absent. The data obtained under the conditions of these 
experiments, however, serve sufficiently to compare the behavior of different members 
of this group of drugs. 


Electrocardiographic Criteria . — The effect of the drugs upon the 
sinus rate has not been considered in the interpretation of the results. 
With each of the specimens there were some instances in which the 
heart rate -was greatly slowed during the injections. It was not pos- 
sible, however, to ascertain the doses producing’ the first changes 
because of the marked fluctuations of the rates in the controls. The 
percentage of the fatal dose which produced the greatest slowing is 
indicated in the tables ; in some instances no percentage is given 
(dashes in the tables) because while the slowest rate during the in- 
jection was actually slower than that during the control, the fluctua- 
tions were so wide that it was deemed unsafe to assume that the slow- 
ing was due to the drug. - > 


The P-R intervals were determined by taking an average of about 
ten readings in each tracing’ (from beginning of P to beginning of Q 
or R). The change in conduction was relatively fixed for successive 
beats in most tracings; occasionally, however, it was of the type m 
which successive beats showed progressively increasing P-R intervals 
until dropped beats occurred (for example, animal 10 of Table VI). 
It is probable that the prolonged conduction in most instances vvas 
due to direct depression of the conducting system rather than to, vagal 
influence or as the result of sinus slowing, because the vagus tone m 
most instances was very low as seen from the rapid heart rates, the 
first changes in conduction frequently occurred without any change 
in the sinus rate, and because when a change in conduction occur re 
it was usually persistent and not abolished by struggling which in u 
ited the vagus. The prolongation of conduction from tracing to tiac 
ing often occurred with almost imperceptible gradations; hence V 
difficult to ascertain the first change. Since the average of 
intervals in each of several control tracings usually showed varia 10 
in conduction time of less than 0.05 second, a tracing was regar e 
showing a prolonged P-R interval only when a change of 0.0 


or more was present. 

The changes produced in the T-wave and the R-T (S-T) 
were extremely variable. The form of the changes valued wi i 
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form of the control deflections. The most constant 
» positive deflection. became isoelectric, and then negat nu Ibt » 
of the U segment (or S-T segment when the S-,vave was >r 
was found to be much more constant than the 1 -ware and t 
more satisfactory to follow as an index of digitalis action. J he 1 
was extremely variable showing forms that were isoelectric., high, ou . , 
and occasionally negative in successive tracings of the control penot . 
or even in the same tracing. Illustrations of the different types o 
changes in the T-wave, M and S-T segments will be published m 
another communication. As was the ease with the P-R intervals, the 
changes sometimes occurred very gradually and with the mni vO( 
variations in the controls; it was difficult to determine with precision 
in which tracings the first changes due to the drug had occurred. In 
the tables we refer to the dose of the drug producing the first change 
in the RT-T period. In some instances this represents the first definite 
change in the T-wave, in some, that of the R-T (S-T) segment, and in 
others, it represents a simultaneous change in both, depending upon 
which showed the first unmistakable deviation from the control trac- 
ings. 


The ectopic heats were of either nodal or ventricular origin. At 
times they appeared as isolated beats or a begeminal rhythm (every 
other heat a ventricular premature contraction) ; they often appeared 
for the first time as a ventricular tachycardia. In some animals ec- 
topic heats occurred in one tracing, then were absent in the next two 
or three tracings even though additional doses of the drug had been 
injected. The early appearance of ectopic beats was often due to 
struggling, a phenomenon to which we have already referred. In 
three animals of the series ventricular ectopic beats appeared after a 
struggle before the injection of the drug was started. Even though 
these animals were apparently susceptible to spontaneous ectopic heats, 
they required practically the same dose of the drug to induce them as 
did normal animals. This is in harmony with the observation that, 
patients susceptible to spontaneous premature contractions do not 
necessarily show any special susceptibility to their production bv the 
digitalis bodies. 3 

. Ventricular fibrillation was the cause of death in every animal used 
in this study. 




TaW« T r’vT Ti 1 , 1 ? eleet i’°cardiograms are tabulated in the 

Tab es I to VI. They show the extent of some of the changes as well 

as the doses required to produce them. These data are necessary to 
convey the proper appreciation of the extreme variability 'in’ the 
e lavioi of different animals to the same preparation. For exnmnlo 
animals 2 and 4 (Table II) required the same fatal dose but in the 
first the only electrocardiographic change was an ectopic rLythm after 
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30 per cent of the fatal dose, while in the second a T-wave change 
appeared after 34 per cent, P-R lengthening after 41 per cent, and 
ectopic beats not until 65 per cent of the fatal dose had been injected. 
Animals 1 and 12 (Table II) each required 64 milligrams per kilo- 
gram to call forth ectopic beats, but the first required only 100 milli- 
grams to cause death while the second required 150 milligrams. With 
the same preparations, doses that may serve merely to produce ectopic 
beats in some animals (animals 7 and 11 of Table III) may be sufficient 
to cause death in others (animals 1 to 8 of Table III). The appearance 
of ectopic beats may indicate a high degree of digitalis poisoning in 
some animals (89 per cent of the fatal dose in animal 15 of Table II), 
while in others, it may indicate a very early stage of digitalis action 
(29 per cent of the fatal dose in animal 14 of Table II). In the order 
in which the experiments of Table II were carried out it was a rather 
striking accident that five of the first seven figures for the production 
of ectopic beats were below 50 per cent whereas six of the following 
nine figures were above 50 per cent of the fatal dose. 

Table YII 


Comparing Different Digitalis Bodies With Reference to the Average Per- 
centage of the Fatal Dose Producing the First Change in 
Various Electrocardiographic Signs 


SPECIMEN OF 

DRUG 

CHANGE IN 

RT-T 

FIRST INCREASED 

P-R 

ECTOPIC 

beats 

Tr. Dig. (American) 

Tr. Dig. (German) 
Chloroform Fraction 

Tr. Adonis 

Ouabain 

Digitoxin 

Average 

30 (24-37) 

32 (17-64) 

26 (20-37) 

31 (15-41) 

33 (11-51) 

33 (16-62) 

31 

47 (30-71) 

50 (34-63) 

43 (30-53) 

41 (29-46) 

52 (40-60) 

56 (46-60) 

48 

48 (30- 75) 

51 (29- 89 ) 

49 (22- 70) 

54 (29- 70) 

61 (41- 74) 

62 (41-100) 

54 


The important data are summarized in Table VII. This shows the 
average percentage of the fatal dose of each of the preparations re- 
quired to produce the first change in the RT-T, the first prolongation 
of the P-R interval, and ectopic beats. It is evident that each of these 
three phenomena is called forth by a percentage of the fatal dose that 
is the same for these six widely different members of the digitalis 
group. The figures (in parenthesis) showing the wide range of 
vidual valuations make it possible to understand better why no sign 1 
eanee can be attached to the minor differences in the averages foi t ie 
different preparations • namely, 26 to 33 per cent for the RT-T change, 
41 to 56 per cent for the first increased P-R, and 48 to 62 per cent oi 
the ectopic beat. 


These results could be assumed to indicate directly the relative m 
tensity of action of the digitalis bodies upon different cardiac stiuc 
tures only if each electrocardiographic sign represented an action 
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upon a single structure. The T-wave change produc, ed 
probably due to a direct action upon tlie ventnc e. 
called attention to the facts that indicate that the prolongatmn of 
conduction time under the condition of our experiments was due m 
most instances to a peripheral depression of the A-Y conducting sys- 
tem. In the case of the ectopic beats it was necessary to consider 
several structures. To illustrate, theoretically two specimens of the 
drug might produce ectopic beats with similar percentages of the fatal 
dose, yet the seat of action might be upon entirely different structures, 
because ectopic beats may be called forth by directly increasing the 
rhytliniicity of the ventricle (or A-Y node), by stimulation of the 
accelerator nerves, by suppression of the sinus through vagus stimu- 
lation, by the production of an A-V block, or by various combinations 
of these factors. As a matter of fact, the digitalis bodies do produce 
them in uuanesthetized cats usually through a combination of these 
factors, the most important of which appears to be a direct action 
upon the ventricle (or A-Y node) to increase its rhytliniicity, and no 
essential differences in this respect were detected with different mem- 
bers of the digitalis group as shown in another study. 5 It is safe to 
say, therefore, that as far as these experiments go, they indicate that 
different digitalis bodies act with essentially the same relative inten- 
sity (in relation to the fatal dose) upon different cardiac structures. 

Robinson and Wilson® found that approximately 25 per cent of a 
fatal dose of digitalis produced the first change in the T-wave, 50 per 
cent produced a definite change in the P-R interval and about 75 per 
cent called forth ectopic beats. In Table YII it is seen that our aver- 
age for the T-wave change corresponds to theirs, but the other two 
phenomena occur with practically the- same percentage of the fatal 
close, namely, 48 and 54 per cent, instead of 50 and 75 per cent of the 
fatal close as in tlieir experiments. The figures in Tables I to YI that 
bear upon the relationship between the dosage required for the first 
prolongation of conduction and the production of ectopic beats have 
been further analyzed and the results summarized in Table Y TTT It 
shows that in approximately one-half of tlie eases, conduction became 
prolonged before ectopic beats appeared, and in tbe other half tlie eondi- 
t,ons were just reversed. Occasionally both phenomena were seen for the 

fl s r P 6 Sametr fY W,le " tlle ‘“ed P-R interval occurred 
of ad lit re ab ° llt 5 *° 25 per ceilt o£ t' le fatal dose 

™ ssrrtss. :: zzjz : 

that the lower average for the production of ectopic" heats in“ 
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periments than in those of Eobinson and Wilson is due, as we have 
shown in another study, 5 to the fact that their animals were anesthe- 
tized with ether. 


Table VIII 


number op cases in which 


SPECIMEN OF DRUG 


p-R CHANGE OC- 
CURRED FIRST 


Tr. Dig. (American) 
Tr. Dig. (German) 
Chloroform Fraction 
Tr. Adonis 
Ouabain 

Digitoxin 


5 

7 

5 

5 

5 

5 


ECTOPIC BEATS 
OCCURRED FIRST 

IT 

7 

5 

6 

7 

8 


BOTH 

OCCURRED FOR 
FIRST TIME IN 
SAME RECORD 

T 
2 
1 
2 
0 
0 


DISCUSSION 

A stock argument found in commercial advertisements . im ^ J 1 
digitalis is ineffective or badly tolerated” use this ?r «>.t *phte 
specialty. There are many papers in the literature m l ° 

tative differences in the cardiac action of Savory "evidence, 
not a single case are the statements supported by -sat rf. ! 7 ^ times 

For example, Tamanoucln' stated that s , in causing 

as effective as digitalis (in proportion to the fata Id of 

cardiac slowing in the eat under ether anes • 
his table shows that he obtained cardiac sl« ifteif om ^ 

cent of the fatal dose of his preparation of strophanti^ ^ 
statement as to the amount of slowing ; and m sion of the 

of the cat’s heart rate during ether anestlmm , d 1 Me dow . 

vagus by ether, and the w<,U - kj l 0 ™ ( ^ 0t m ^ t n “rly 50 per cent of • 
ing of the cat’s heart occurs on j p + 0 the results of 

fatal dose of digitalis, one can attach no significance to 

such experiments. , , (1924) stated that lie 

Vaquez 8 in the latest edition of his textboo . ( toxic do se 

found the margin of safety between e ^ (Arnaud), that 

smaller for amorphous stropliant m ia * „ without acting upon 
both of these substances augment the tonus neYer detected 

the other functions of the myocardium, ext rasystoles, so fre- 

changes iu conductivity or excitability, a drUgs . Prom l» lS 

quent after digitalis, are exceptional after regarding 

statements regarding dosage as well as fro y z had used far 

the mode of action of ouabain, it is apparent t J qualita- 

too small doses of the drug, and that as far 

tive differences m the cardiac actions ^ that ^js views are 

ouabain, and digitalis, it is hardly necessary t _ y oua bain to 

wholly incorrect. One needs only to give a smtaM ^ to 
a patient with auricular fibrillation and a rapid ventn 


0,0.0, ET AO., QUALITATIVE COM-AII, SON OT MW « 

appreciate that ouabain docs ™ 

ss^tssassssi j r 

atsxssssssaxsR 

decree of ventricular slowing ami the product, on of voimtinir » H !'><■ 
biological potency of the drug. On the basis of the hchavmr c.l two nt 
three patients in small groups after doses that, were not comparable m 
activity he allowed himself to infer that, the substance causing cardiac 
slowing is not. identical with that producing the toxic efVocl. (vomit, 
ing-), that the toxic substance may be responsible for a high potency 
reading- by biological assay while the drug may in fact be of low 
therapeutic value, that vomiting may result from this toxic 1 act or be- 
fore adequate therapeutic effects have occurred. Tlu> suggestion that 
the therapeutic action of digitalis is due to one substance ami the toxic 
action (vomiting) to another, cannot be considered seriously in view 
of the fact that pure digitalis bodies like ouabain and digit oxin pos- 
sess not only the therapeutic but the emetic action. It is of course 
conceivable that a preparation may be very active by intravenous in- 
jection in a bio-assay, and yet prove to be of low potency when given 
by oral administration to man because of a poorly absorbable fraction. 
Actually such conditions arc exceedingly uncommon. Langley pre- 
sents no satisfactory evidence to support his statement, that, some 
pi-eparations of digitalis are so actively emetic that vomiting is pro- 
duced before sufficient drug is present to produce the therapeutic 
effects. It would be necessary to show with suitable controls that 
other preparations would produce the therapeutic effects without eme- 
sis in the same patients. The question that lias been raised, however, 
involves a matter of very great practical importance because it- is not. 
difficult to find clinical cases which on the surface seem to indicate 
that the emetic action of a specimen of the drug is preventing effective 
digitalization. For example, digitalis often fails to cheek 'the prog- 
ress of failure in the terminal stage of heart disease. 3 If the drim is 
continued or administered in larger doses in an effort, to relieve symp- 
toms, toxic effects are often induced though no therapeutic effects are 
m evidence. It is clear that the drug is not at fault in such cases. 

Hatcher and Eggleston 1 ’ have shown that the relative emetic activ- 
ity of the various members of the digitalis group shows considerable 
toffeiences when the drug is given intravenously in animals. Thus 
tiue digitalm caused vomiting. with an average of 22 per cent of the 

m their relative emetic activity. ciences 
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The observations that one preparation of digitalis has produced 
more satisfactory therapeutic results or less toxic effects than another 
require very close scrutiny because there are many factors which if 
left out of consideration may lead to erroneous conclusions. In a few 
instances in which one of us (H. G.) has had an opportunity to examine 
in detail or to check the evidence for such statements there has usu- 
ally appeared to be some factor not inherent in the drug. Improper 
dosage seems to be the most common source of error; preparations are 
assumed to show differences in their cardiac actions when they hare 
not been used in strictly comparable doses in terms of effects upon 
patients. In one case a patient was digitalized fully (to the point of 
minor toxic symptoms) by a tincture of digitalis, and there was little 
or no improvement in the symptoms of congestive heart failure. After 
a period of about two weeks the patient was fully digitalized by a 
proprietary preparation, and marked improvement resulted. This was 
interpreted by the physician as an indication that the one preparation 
had a greater relative therapeutic activity than the other. Yet it is 
not uncommon that a patient fails to improve appreciably after the 
first course of digitalization but shows striking improvement after a 
second course a week or two later with the same preparation. This 
can be demonstrated in patients after a period of control in bed with- 
out medication, during which time a constant level in the general con- 
dition has been reached (water intake and output, body weight, heart 
rate, symptoms). 

The three specimens of digitalis, “A,” “B,” and “0,” submitted 
by Professor Magnus for the Hygiene Committee of the League of 
Nations, were tested in various clinics and laboratories. A clinical 
study of these specimens on a relatively small group of patients was 
reported by Martin 12 of Baltimore and on a lai’ger group by Gilchrist 
and Lyon 13 of Edinburgh. Martin found that the therapeutic effec s 
appeared before any symptoms or signs of digitalis intoxication m 
practically every case, wdiile Gilchrist and Lyon were troubled by t e 
occurrence of nausea and vomiting especially with specimens B an 
“C” before one-lialf of the total dose had been administered vino 
they attributed to a local irritant action. In both studies the powdere 
leaf was employed in large doses. Martin’s patients received the drug 
in small capsules of 0.2 gram each, while those of Gilchrist and _ 3 
received bulky cachets which they state some patients had difficu 3 
in swallowing. This may have been a factor in producing the nause.t 
and vomiting. Sufficient data are not given for a more precise com 
parison of the technic of administration. In any event, that specimen 
“B” and “C” were moi'e irritant to the stomachs of Englishmen t mn 
to those of Americans is much less likely than the assumption ^ 
nausea and vomiting were due to some factor other than the cue 
irritation of the stomach by the drug. 
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Two commercial specimens were 
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emplovccl in a study of digitalis w 
pneumonia/' 1 meT^able doses of the tiro speeh ueim wei. 
given in terms o£ their supposed potency, about one-lia 1 

tients vomited after one of the specimens and very few vomited aft 
the other. This suggested that one specimen was more ncinelj erne 
than the other in relation to the fatal dose for animals. hen the tu o 


w 


..ere tested it was found that the one which caused the vomiting had 
been incorrectly labelled by the manufacturer and that therefore the 
vomiting was not due to a greater relative emetic activity hut that, the 
patients had really received about twice as much digitalis, as was indi- 
cated in terms of activity. These instances arc cited merely to cal) 
attention to the numerous factors that may give rise to appaient dif- 
ferences in the action of various specimens of digitalis and the dangers 
attending the interpretation of observations that appear to indicate 
essential differences in the cardiac action of different members of the 
digitalis group. 

In the present study we have not examined all the actions of the 
digitalis bodies, not even the most important one, namely, that action 
directly upon the heart which improves myocardial efficiency in con- 
gestive heart failure (the improvement may he the result, of a number 
of direct and indirect actions). We have, however, compared a num- 
ber of cardiac actions within both the therapeutic and toxic range of 
widely different digitalis bodies, and the results show that these net 
with the same relative intensity upon different cardiac structures. A 
critical appraisal of any data purporting to show essential qualitative 
differences between digitalis bodies must not fail to take cognizance of 
the extreme variability of the reaction of different individuals toward 
the same preparation injected in the same way. As we have already 
shown the law of chance under these conditions sometimes juggles the 
data iu such a way as to make it difficult indeed to escape erroneous 
conclusions. 

SUMMARY 

la tie present study seventy-seven experiments tvcrc carrier] out 
with six widely different members 0 £ the digitalis group in order to 
ascertain whether these showed any, qualitative differences in tile 

used 1 ™.! 0 Electroeard !»8™pMc Criteria of digitalis action were 
used, and the relative intensity of action upon different cardiac sh-uc- 

dfflerences ^ ^ *** ^ "'” S " Sed t0 qualitative 

oimlUaT" 1 * 5 1 0 "' that "’ idcly different disitaiis bodies have the same 
qualitative cardiac actions but that there are extraordinary individual 
differences m response to the same preparation This f-J . „ i 
mvportant factor in the confusion found in the dini”, “ 

are numerous references in the literature to qualitative dif- 
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ferenees in the cardiac action of different members of the digitalis 
group, and implications that such differences exist are common in 
commercial advertisements, but in no single instance are these state- 
ments substantiated by adequately controlled experiments. 

Examples are cited showing some of the sources of error in the in- 
terpretation of observations which appear to indicate qualitative 
differences in the cardiac action of different digitalis bodies. 
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THE HEART IN THROMBO-ANGIITIS OBblTKRANS' 
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ITH more intensive study of Ihvomlm-antriitis .iWileraiiK, evidence 
. . is accumulating winch points to the fact that this disease is nut al- 
ways limited to the peripheral Wood vessels. It is .muvasnigly 

ivident that there may he simultaneous involvement ol arteries m other 
parts of the hodv. The occasional complaint of angina! symptoms in 
some of our patients suffering from thrombo-angiitis suggested to us the 
systematic study of a series of fifty consecutive eases of this disease in 
wder to determine the incidence of cardiac lesions. 

In this research we have avoided, as far as possible, the inclusion of 
eases of peripheral atherosclerosis. In some instances the difierentiai 
diagnosis between atherosclerosis and thrombo-angiitis obliterans has 
been difficult, but wherever any doubt as to classification arose, the ease 
was not included in this series. The simultaneous occurrence of per- 
ipheral atherosclerosis with coronary artery sclerosis is a well-established 
fact and will not be discussed in this communication. The possibility 
of atherosclerosis superimposed upon thrombo-angiitis obliterans must 
also be considered in the case of older individuals. 

The patients comprising this group were, for the most part, young 
males. In every ease the onset of symptoms in 1 he extremities was prior 
to the age of 45 years. Every patient presented conclusive evidence 
of peripheral arterial disease, which, as far as our present knowledge 
goes, we believe to he thrombo-angiitis. 

Each patient had been a heavy cigarette smoker for a number of years. 
Nine of these fifty cases (eighteen per cent) had had superficial migrat- 
ing phlebitis of the extremities at some time during the course of the 
illness. Of these nine cases, two were in flic group with cardiac lesions. 
In no instance was there a. history of lues, nor was the 'Wasscrmann 
reaction positive in any case. 

While we have been concerned, primarily, with the detection of in- 
volvement of the coronary arteries in the disease process known as 
thrombo-angiitis obliterans, the difficulty of establishing this fact, bv 
clinical study alone lias been constantly recognized. The ultimate, diag- 
nosis of thrombo-angiitis obliterans from the pathological standpoint 
ests upon the discovery of the typical inflammatory lesion in the 
blood vessels, which, in the ease of coronary arteries can be obtained 
nly at autopsy. Clinically, the diagnosis of corenavy 
^jnsMed when electrocardiographic study reveals 'certain changes 

*From the Mount Sinai Hospital, New York. 
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from the normal. These changes are assumed to he the result of dis- 
turbances of the myocardium and conduction system of the heart pro- 
duced by interference with blood supply from the coronary arteries. 

The cardiac status of each patient was investigated under the follow- 
ing headings: (1) Subjective cardiac symptoms. (2) Physical exam- 
ination of the heart. (3) X-ray examination of the heart. (4) Electro- 
cardiography, 


The subjective symptoms of coronary artery disease were considered 
from the standpoint of the symptom-complex known as angina pectoris 
in its various manifestations, such as precordial pain, substemal distress, 
choking or constricting dyspnea. As pointed out by Libman, dyspnea 
on exertion may be complained of, and not pain. If, however, the 
patient is not very hyposensitive, he may feel pain. Further evidence 
of myocardial damage was sought in the physical examination. The 
character of the apical impulse was observed. Cardiac outlines were 
noted, although enlargement of the heart borders has been found to 
have no specific value in the determination of coronary disease. Feeble 
heart sounds were considered suggestive of myocardial change. Gallop 
rhythm is of importance as a diagnostic sign. Murmurs were con- 
sidered of no confirmatory value in determining the presence of myo- 
cardial or coronary disease. Bilateral blood pressure readings were 
made. Teleroentgenograms were used to detect abnormalities of the 
cardiac outlines. 

In this study, the greatest stress was placed upon the electrocardio- 
gram. Due cognizance was taken of the fact that rheumatic fever may 
be responsible for almost any type of electrocardiographic change, but 
since none of our cases have at any time manifested this disease, we 
feel that this factor may lie disregarded in the present study. 

The accepted changes in the electrocardiogram indicative of myo- 
cardial change are the following : 


(1) Intra-ventricular conduction defects as described by Oppenheimer 
and Rothschild. These include prolongation of the QRS interval an 
distortion of QRS complexes which must be observed in several exam 
illations. 

(2) Changes in tlie T-wave. Negative T-waves in more than one lea 
are suggestive. According to Pardee, the cove plane T-wave is definite 
evidence of coronary involvement. 

(3) Arrhythmias, while not specific, were considered in the final de 
termination of whether or not myocardial damage was present. 

Of the fifty eases studied, five showed definite evidence of myocar 
disturbance which we attributed to a probable underlying coionarj 
artery disease. Of the remaining forty-five cases, thirty did not piesen 
sufficient evidence. While fifteen cases u r ere entirely negative, it rnvs 
not be foi’gotten that coronary disease may be present without yiel 1,1 £ 
any clinical or electrocardiographic manifestation. 
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A synopsis ol the records o£ tl.c five l<«ticnts showing evidence of 
myocardial damage follows: 

CASE REPORTS 

A S— Case No. 20. The patient, was a Russian .low, ;.2 years old. At tin 
age of 38 rears 1» developed an .her of the left fool. Tl.a lea.™. Jl'""'" fc 
marked the onset of thrombo-angiitis obliterans. Twelve rears later lit 1 -f - 
was amputated because of extensive gangrene. .Subsequently the pat.ent develop! 1 
typical lesions of thrombo-angiitis obliterans in the upper ext rent. ties, lor i. 

past year the patient noticed prccordial pressure and lassitude. At times ><■’ 

pressure was intensified into a real pain. There was occasional dyspnea on ex- 
ertion. Examination revealed poor heart sounds. The apex beat was felt, in the 
5th interspace. The left border was 32.5 cm. from the niidline. No murmurs 
were heard. Blood pressure was 130/1M1 mm. in both arms. X-ray examination of 
the heart and lungs was negative. Electrocardiographic examination showed a 
thickening of QRS complexes, particularly in Lead 111. Their interval measured 



XOZ. 


, J'S- E— ; v - S- Case Mo. 20. Moderate tUtcUeniim of tin; QRS complexes in all the 
rn Lead T ni r nter 1 mcasurcs <>-10-0.12 of a second. T -waves are sharply Inverted 


0.10-0.12 of a second. The T-wavcs were sharply inverted in Lend III and had the 
appearance usually seen after a recent coronary closure. 

11 I ; T -~ Case No - 27 - A man of 40 years whose symptoms of thrombo-angiitis 
obliterans began at tlie ago of 38. Examination showed marked closure of the 
artenes of the upper extremities and also of the lower extremities. He had had 
dyspnea on exertion and palpitation. The heart sounds were weak. X-ray exam- 
inatmn showed a peculiar cardiac outline suggestive of myocardial disease. Electro- 

S22?MS“ ,km ) ! " 0 " V 0 "' in 1111 *•* «•* 

3 TltTsTlo 17 s ' T' n " f dofeet. 

January 4 iLf , - SS '‘' U1 Jcw ’ agC(l 31 >’ cnrs > fir ^ came under our care 

« r ,s ; m 

attacks of precordial pain radiating to iZ!!" 1|C bc S»” <« complain of 
pitatiou. Physical eZnaZZ^ 1 Z,. ”f ””*« »“«'»'»' P«>- 
outime particularly toward tl,o loft T|,i« „ , r «* Uic cardiac. 

B— ograpHc .sanction Z ^ ~ ^ ^ 
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S-T interval did not reach tlie iso-electric level in Leads II and III. This phenom- 
enon appeared in the second examination on .January 5, 1926. One year later the 
electrocardiogram showed left ventricular preponderance and a cove plane T-wave 




Fig. 2. — I. T. Case No. 27. Thickening- and widening of the QRS complexes (mtra 

ventricular conduction defect). 





m -.n.rcc are sharplJ 

Fig. 3.—J. F. Case No. 30. Left ventricular prepondera "transition in Lead I does 
inverted in Lead III and are of the cove plane tj pe. S-l tra 
not quite reach the iso-electric level (myocardial.). 

in Lead III. Again it was observed that the S-T interval did not reach 

electric level in Lead I. The 

J. L.— Case No. 50. This patient was a man of 36 years, bom i ‘ * ihc 

onset of symptoms of thrombo angiitis obliterans occurred in the right g 
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„ - - Vpnvs inter. The patient suh- 

nee of 27. Amputation of this leg was pei oim * j extremity. He 1,:|S 

- • - - - 




nr 


5.— Intraventricular conduction defect (arborization block) T= negative Occa- 
sional ventricular extrasystole. h ' 


onset the patient began to have attacks of sub-sternal pain radiating through to 




Dyspnea on exer- Negative 135/115 Hypertrophy left In Leads II and III S-T does not 

tion ventricle quite reach iso-electric level 

Precordial distress Negative 165/ 90 Negative LVP. 

Dyspnea on exer- Negative 115/ 85 Negative LVP. 

tion 
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upper extremities. The heart was not. enlarge.!. Cardiac smm.ls were alt of fa.r 
quality. No murmurs were heard. The lungs wore clear. X-ray oxamumtion ot 
the chest showed moderate hypertrophy of the heart with dilatation ol the left 
ventricle. Electrocardiographic examination showed right ventricular preponderance. 
QRS interval measured 0.09 of a second with notching in all leads and low voltage. 
The above indicates intra-ventricular block. (Arborization block of Oppenheiiner and 
Rothschild.) 

D. P. — Case No. li)7. A Russian Jew, f>6 years old. Symptoms of thrombo- 
angiitis obliterans began at the age of 25 with migrating phlebitis of the right leg. 
This was followed 4 years later by intermittent claudication, and gangrene of tlx* 
right leg. Amputation of the right leg was then performed. Ten years ago the 
patient developed similar pains in the left leg. Gangrene and amputation followed. 
For the past 5 years lie had noticed procordial pain and dyspnea on slight exertion. 
Electrocardiographic examination showed an intra-ventricular conduction defect 
(arborization block). T a negative. Occasional ventricular cxtrasystole. 


SUMMARY 

Fifty cases of thrombo-angiitis obliterans were studied from the 
standpoint of coronary artery involvement. Five of these cases showed 
definite clinical and electrocardiographic evidence of myocardial damage, 
presumably due to coronary artery lesions. Thirty of Ihosc eases 
showed minor evidence, insufficient for the diagnosis of coronary artery 
damage. Fifteen of these cases showed no clinical evidence of myo- 
cardial or coronary artery lesions. 

An accurate diagnosis of thrombo-angiitis obliterans of the coronarv 
artenes is pcrmissablc only after demonstration of the typical arterial 
lesion at autopsy. 

We wish to thunk Dr. Irving Roth, Dr. Emanuel Lilnnan and Dr. B. S. Onnen- 
hcimcT for their kind cooperation. 



HEART DISEASE IN THE ROCKY MOUNTAIN REGION 

L. E. Viko, M.D. 

Salt Lake City, Utah 

“WARIOUS writers have suggested the need for data on the inci- 
v deuce aud etiology of heart disease in different sections of the 
country. 1 No such information for the Rocky Mountain region has yet 
been published. For these reasons certain facts regarding heart dis- 
ease in Utah, Idaho and Wyoming are presented, and comparison is 
made with similar data from a few other sections. 

Utah, Idaho and Wyoming, lying largely among the Rocky Moun- 
tains, are similar in geography, climate and population. The facts 
available show no significant differences in heart disease between these 
states. They lie at a high altitude and have a low average annual rain- 
fall despite marked ehange of seasons. The density of population is 
very low ; according to the census of 1920 there were only eight cities 
in the three states that had populations of over 10,000. Salt Lake 
City, the larg-est of them, had an estimated population in 1929 of 
138,000. In 1923 only 8.5 per cent of the population of Idaho, 14.3 per 
cent of that of Wyoming and 36.2 per cent of that of Utah were classed 
as urban. This is to be compared with 78.9 per cent for New York and 
82.4 per cent urban for Massachusetts. 2 In the Rocky Mountain states 
there is relatively little poverty or crowded living conditions. The 
coloi'ed population in 1923 comprised less than 2 per cent of the total. 
The foreign-born population in 1923 averaged less than 17 per cent. 
Nearly 40 per cent of the population is engaged in agriculture, fores- 
try or animal husbandly. 4 These states present many contrasts with 
eastern and southern sections, and it was thought of possible interest 
to learn whether there were any corresponding differences in the heart 
disease situation. 

Mortality . — The cardiac mortality 7 rates for Utah, Idaho and^Yyo 
ruing are among the lowest state rates in the country. In 1927 they 
ranked thirty-first, thirty-fifth and thirty-ninth respectively 6 (Fig'- !)• 
Approximately the same relative positions held true for 1921, 5 192 
and 1925. 3 These relatively 7 low rates are not peculiar to heart disease, 
as the rates in the three states were also comparatively 7 low for t ie 
other major causes of death and for all canses. 

It would be of interest to know whether the proportion of deat is 
from each etiologic type is the same in the states with high and on 
cardiac mortality 7 ; whether the differences between states in total cai 
diae mortality 7 could be associated with corresponding differences m 
only one of the etiologic t 5 7 pes such as the rheumatic or the arterio 
sclerotic. Unfortunately 7 mortality statistics as at present rep oite 
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da not furnish such data. A suggubu^ . 

paring lor each state the proportion ot cardiac deaths oecnrrmgn ■ ^ 

vonne-er ages with the total cardiac mortality. 1 lie > cat of ■ - • 

'chosen as presenting for most states a fair representation of the mm- 


chosen as presenting for most 

tality trend. The deaths under the age of forty-five years 
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years were arbi- 
wore readily 
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trarily chosen because mortality and population statistics were readd 
available for this age group. Cardiac deaths under forty-five years o 
age indicate roughly enough, it is true, deaths largely irom rheumatic 
contrast with the deaths over forty-five years from the 

t „ _ 1 j 'I .... 4 


age indicate rouj 

heart disease in Umanoo . — — - ■ 

degenerative types of heart disease. Such a comparison showed that 
in general the higher the total cardiac mortality rate, the lower the 
proportion of cardiac deaths under the age of forty-five years (Fig. 1). 
(An approximately parallel but. lower curve could be drawn for deaths 
under thirty-five years of age.) The significance of such a comparison 
becomes less, however, if we compare the cardiac death rate under 
forty-five years per 100,000 population living under the age of forty- 
five years with the total cardiac mortality rate (Fig. 1). It now be- 
comes apparent that the age distribution of the living population ex- 
plains at least in part the supposed inverse ratio between total cardiac 
mortality and cardiac mortality under the age of forty-five years. It 
is curious to note the relatively high cardiac mortality under the age 
of forty-five years in the states of Louisiana and Florida where rheu- 
matic heart disease is supposed to he less frequent than in northern 
states. 

As a corollary to this it seems that there is a significant, relation be- 
tween the total cardiac mortality of eaeli state and the living propor- 
tionate population over the age of fovtv-five venrs in each state 
(Fig. 2). 

It has been shown that in the registration area the urban cardiac 
mortality rate has remained each year appreciably higher than the 
rural one. B So it -is of interest to note that there is a rough correlation 
between the cardiac mortality of the states and their percentage urban 
population (Fig. 2). No such relation could be shown between mor- 
tality rates and density of population. 

In Utah the cardiac mortality by years has been rising in a manner 

X « TT 1 " ,‘U llrt ° f ° tllCr statcs 01 registration area 
( tg. 3). Idaho and Wyoming have been included in the registration 

for&lt L? S '“f • pe ;' 10d t0 *»««* comparison. The mortality rate 
or Salt Lake City has been rising as in other cities o£ the country 

ofdeath alt C “ y “ eke "' here W «*»«> » the principal 

d£: ! r^" :tn it trint tst? *? etw «- oi 

6 C0Untry a stud ? r has been made of 1000 
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Uppei'Clirve; Mortality irom Heart Disease per 100,000 population 

Middle curve: V?atio in percent between deaths under 45 and total cardiac deaths 

Lowet r curve: Mortality ivom Heart Disease under ape 45 por loaooo population under ape 

Vie. 1. — Mortality rates by states from heart disease (Code ST -9 O'). 
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cases of heart disease or disorder occurring in this Rocky Mountain 
region. All the cases were studied by myself, by my associate Dr. U. 
R. Tyndale or by both of us, thus insuring uniformity of diagnosis, 
file diagnostic criteria were those proposed by the Heart Committee of 
the New York Tuberculosis and Health Association. 7 The cases were 
consecutive ones except that of the earlier records those were excluded 
m which the history and findings described did not justify the diagnosis 
recorded. A rough check showed that the exclusion of such records did 
not affect the final figures. A high percentage of the cases had re- 
peated examinations and electrocardiographic and x-ray studies. The 



cases represent consultant practice, ordinary private practice in home 
and hospitals, charity service at the Latter-Day-Saint Hospital m 
Salt Lake City and cases in the teaching of medical students at the 
Salt Lake County Hospital. As Salt Lake City is the medical centei 
for Utah, southern Idaho, southern Wyoming and eastern Nevada a 
fair percentage of the cases were residents of Utah (88.5 pel ce 
Nearly one-half were residents of rural districts (Pig. 4) which cone 
sponds fairly closely to the distribution of the population between 
urban and rural districts. These considerations, together with a com^ 
paruson with some hospital statistics to be referred to later, seem ° 
show that the series is truly representative of cardiac disease m 
section. 
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The series included 867 cases of organic heart disease and 133 eases 
of irritable heart or cardiac neurosis. Cases with only sinus arrhythmia 
or functional murmurs were not included unless a diagnosis of cardiac 
neurosis or irritable heart was justified by history or other findings. 
Angina pectoris was not listed as a separate classification. Most of 
the cases presenting true angina were included under either the arte- 
riosclerotic, hypersensitive, syphilitic or rheumatic groups. The oth- 
ers largely fell into the classification of unknown etiology. The same 
treatment was accorded auricular fibrillation as a diagnosis. A num- 
ber of eases were due to more than one etiologic factor (Pig. 4). 

The structural defects found, certain changes in mechanism, and the 
number of each type showing failure are shown in Pig. 4, but no dis- 
cussion of these considerations will be presented. 

In order that proper comparison may be made with similar series of 
eases reported from other sections of the country, only the cases of 
organic heart disease are included, and in view of the dual etiology of 
many cases each etiologic factor has been considered as an entity. For 
the series this gave 867 eases with 922 etiologic factors. Making a 
similar change in the figures of some other reports, a comparison, lim- 
ited somewhat by differences in classification, was possible between the 
present series of eases and those reported by a few other writers 
(Table I). 


Table I 


VIRGINIAS TEXAS 9 NEW YORK CITY™ NEW EN'G.H 


Xo. eases 

Xo. etiol. factors 

300 

423 

915 

915 

1000 

1051 

2421 

3259 

Blieumatie 

15.6% 

7.3% 

42.7% 

29.3% 

Arteriosclerotic 

32.4 

13.7 

22.3 

26.3 

Hypertensive 

32.6 

47.7 

S.6 

21.7 

2.7 

2.1 

10.9 

1.1 

2.2 

1.4 

Syphilitic 

7.S 

19.3 

Thyroid 

2.6 

1.3 


Angina pectoris 

6.6 

2.3 


Congenital 

.7 

.7 

17.8 

Unknown . 

Subac. bact. endoe. 

1.6 

1.5 

Miscellaneous 

Unclassified 


1.3 

4.9 

8.6 

1.0 


ROCKY 

MOUNTAINS 

S67 

922 


44.0% 

21.1 

14.9 

1.1 

9.3 

1.1 

7.3 
.2 
5 


From Table I it is evident that the proportion of rheumatic cases 
high in the Rocky Mountain region in comparison with the other se 
tions considered. As remarked previously in the discussion of moi ^ 
ity statistics, the proportion of the living population under the a e c 
forty-five years is high in this Rocky Mountain area. This maj rn P 
account for the high rheumatic figure, yet Texas and Virginia w ^ 
their low incidence of rheumatic heart disease have age distn ru ^ • 
of the population very similar to that of Utah, Idaho and Vyoiu c 
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Tint thyroid heart disease is relatively more frequent in the Koeky 
Miction is not snrprisin, as this is an »d»» ^ ™ 

The lorn incidence of the en*m*> W* * of f f t J, t ! com- 
ure given is not due to error in diagnosis seems to lie sl.oun >J » eo ' 
parison of the mortality from syphilis and from aneurysm m IhehoO* 
Mountain states and in other states. In Utah, Idaho iminVyoi.img the 
death rates from each are well below that of the registration area. 
This may he partly explained on the small colored population. A 1m- 
ther eheek on the accuracy of the incidence of syphilitic heart disease 
will be referred to later in connection with some hospital statistics. 

Tlie age distribution of the different etiologic types (Pig. 4) was 
quite similar to that reported by Wyckoff and Lingg. 10 The data 
available did not permit conclusions regarding the relative length of 
life at high and low altitudes. Such information would be desirable. 

A comparison of the etiology of heart disease in the urban and ruial 
portions of the series of cases was of interest (Table II). 


Table II 


Etioi.ogy of Heart Disease in Urban and Eukal Patients 


V 


o 

s 

£ 

g 

5 

w 

O 

w 

o 

P* r-\ 

w 2 

& & 

« o 

2 

w 

z 

I 

« 

1 

o 

a 

g 

E 

a* 

w 

g 

o 

>* 

65 

h 

s 

W 

o 

o 

o 

£ 

o 

55 

M 

g 

u: 

H 

r . 5 S 

g 2 K 
£•* £2 < 
£> w o 
U o 
< c © 
p < 'A 
£2 £ W 
tr 

u: 

53 

Q 

W 

'A 

g 

K 

O 

XT. 



409 

194 

137 

10 

85 

10 

07 

o 

s 

Urban 

(496) 

49.4% 

20.8% 

13.1% 

1.0% 

0.0% 

1.2% 

7.0% 

.4% 

•S% 

Bural 

(412) 

39.3% 

20.6% 

17.0% 

.9% 

13.1% 

.9% 

7.4% 


.0% 


Only the rheumatic, arteriosclerotic and hypertensive groups are in 
number large enough to merit such comparison. There is a suggestively 
laiger percentage of the rheumatic type in the urban patients. But no 
consideration has been given to changing residence. 

The sixty-seven cases listed as ' ‘ etiology unknown” raise many ques- 
tions regarding possible causes of heart disease. Table III shows the 
possible etiology of these cases. Fourteen were probably due to one 
of the common etiologic factors, but as these were not clearly estab- 
lished it was thought best still to consider them of unknown etiology, 
lanyof the others occurred in association with or following acuteor 
cnonic infections, but to state that they were certainly due to such 
infections would expose one to the post hac propter hoc fallacy The 
possibility of such error is best exemplified Vtlie ni. e e os who 
supposed onset followed influenza None n t tw. i ,7 ® e l0Se 

examination (including bad a c lote 

ttasaz as 
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Table III' 

Heart Disease of Unknown Etiology, Sixty-Seven Cases 


1. Probably one of recognized etiologic groups 

Kheumatic 3 Syphilitic 

Thyroid 3 Acute bacterial 

Arteriosclerotic 3 Congenital 

Hypertensive 2 

2. Possibly secondary to acute infectious disease 

Influenza 9 Puerperal sepsis 

Typhoid 1 

3. Probably secondary to pulmonary disease _ 

Pneumonia 6 Tuberculosis 

Asthma 2 Pneumonokoniosis 

4. Possibly secondary to chronic infections 

Chronic sinusitis " rn " 

5. Possibly toxic 


1 

1 


14 


11 


11 


2 

1 


Chronic cholecystitis 2 


Nephritic 1 

G. In association with obesity 
7. No cause apparent 


Tobacco 


4 

20 


Some Hospital Statistics.- Hospital statist.es on tl.e m01 ^ e " 
heart disease have little value because of the general laclc of undo 
jty in diagnostic criteria. They are presented here to serve as a rou,l> 
check on the 1000 other eases discussed. ' , 

The Latter-Day-Saint Hospital in Salt Lake 'City is tie arg^ ^ 

pital in the three Rocky Mountain st *' is2 , tkrl « 

all three states. During the three years 192 L . is of a 

16,519 admissions of which 477, or 2.9 per ee “ ’ ca “ diac diag- 

heart disease or disorder. The numerous and ^ application 

noses were considered from an etiologic s an p - e en docar- 

was eliminated. Such diagnoses as mitia s enosi , r heu- 

ditis, valvular heart disease, etc., were cons ^ J diagn0 sis, the 
matic. Where no etiologic factor was apparent fio manner 52 5 

cases were listed as cause unknown or imspecifie . compari son was 

etiologic factors in the 477 cases were tabulate i iea rt were 

made with my own series. Cardiac neurosis and nritao 

included in each instance. 


Table IV 

Comparison of Author’s and Hospital Series 


1000 cases 

1055 etiologic factors 

spital series 40.4% 
'477 cases 

525 etiologic factors 


HYPER. 

ART. ‘ ‘ CHR. SYPH. 

CONG. 

tbyr. 

CARD. NEUR- 

UNK. 

MYOC. ’ ’ 




6.3% 

31.3% .9% 

■ .9% 

S.0% 


40.6 % 1.7% 

1.7% 

3.4% 

.4% 

8.4% 


* ftCvf 


TOO. heart disea.se m rooky mouxta.x nw> 27:1 

I„ view of the difficulty of cvahmtme the etiology of the hospM 
series the agreement seems close enough to serve as a check 

series. 

COMMENT 

Mortality statistics of heart disease in three of the Hock} Mountain 
states are presented. In contrast with other states tie.} mow 
tively low rates. It is suggested that this lower mortality nun e nu> t 
the result of differences in age distribution of the population and a low 
percentage of urban life than of geographic or climatic conditions. Is 
it possible that the rising cardiac mortality throughout the United 
States is also partly the expression of the shift of the population from 
rural to urban life? It seems that the adjusted mortality in the lower 
age group does not show the wide state variation that the total moi- 
tality shows. Comment is made regarding the relatively high mortal- 
ity in the lower age group in such southern states as Louisiana and 
Florida. 

In studying 1000 eases of heart disease occurring in the Kooky 
Mountain states in comparison with other states the incidence of rheu- 
matic heart disease seemed relatively high; it is again suggested that 
this may be partly due to the age distribution of the population. The 
thyroid heart disease incidence is high in contrast to other sections. 
The incidence of syphilitic heart disease is low, possibly at least partly 
due to the small colored population. The incidence of rheumatic heart 
disease seemed significantly higher in urban than in rural patients. 

Reference is made to possible etiologic factors in the groups whose 
cause is listed as unknown. 

&ome hospital statistics arc reported to serve as a chock on my series. 

No peculiarities in the etiology of heart disease were found that 
could he ascribed to the unique geographic or climatic conditions of 
this legion except the high rheumatic and thyroid incidence. 

REFERENCES 

L W Am fiit ftS, : Hrart Dls "“ °"' 1 “»*» i» KOW England, 

l: wSfSiTi'w! 1 ’ * c<msus B, " c "' 1923 - 
i *8Z5?£2& s“ l 'L D «rt C m s »SVoSm? 0 iry- , '‘ 

Association, May, 1927 ‘ J 3 Statistics, American Heart 

6. Mortality Statistics,’ 1927,' U. S. Census Bureau 

' 5S tta .™a Diagnosis of Heart Dtae.ee, P„„l B . Hool, or, 

8. Wood^J. E, J„« s , T. B, and Kimbrough, B, D. t Am. M . Sc „ l72; J 

i». wSi; l; SS uiTa p ' U i - A - A -- 87 : «». 

11. White, P. D and Jones T rt \ 1: 44G , 1026. 

12. Statistical Abstracts of thl SUd^StTlW 1988 ; „ 

arares, 1J27, Government Printing Office. 



ANEURYSM OF THE THORACIC AORTA 

Report of a Case Presenting Some Unusual Features" 

Edward C. Reefenstein, M.D., and Eulery G. Allen, M.D. 

Syracuse, N. Y. 

A LTHOUGH the literature contains accounts of many interesting 
l and unusual syphilitic aneurysms, the case recorded m tins paper 
seemed worthy of consideration, since it presented interesting and un- 
usual clinical and pathological features, all of which are rarely to be 
noted in a single patient. 


CASE REPORT 

A fifty-seven year old, white, widowed saleman was *° *, duTa tion 

Hospital on October 21, 192S, complaining of a swelling 

over the upper, right anterior chest. _ mar riea 

Family History .—' The family history was of no sigm canc . five 

thirty-three years before and had one child livmg and well. His 
years before; the cause of her death was not determine • ^ ]iad 

Past History .— His general health had been goo . g he hn a a 

measles, mumps, scarlet ferer and looping J ^ 

discharge from the urethra. Pour years later tbmc T " „„ d , penile 

obstruction which were relieved by treatment. He den 

lesion or any secondary manifestations of syphilis. before when 

Present Illness .— The patient was in good health unti ^ and ovcr the 

he noticed a mild, burning pain in the region of L ‘ e Tlg ' . excit enient or the 

right, upper, anterior chest. The pain was not plated to e. e , decreased 

taking of food ; its intensity, greater at some hmes than ^ that 

by assuming various positions in bed. There was no e continuous for ■■ 

would always relieve the distress. The sensation was almosy^ ^ ^ 
period of eight weeks and at the end of that time _ er Engfish walnut. A 

tlie right nipple a small, noutender swelling, the size roentgenogram of 

physician sent him to a hospital and on September , " ’ 0 f the aorta, 

the chest was madet (Fig. 1). The 

During the following six years he had occasional att ^ thnn two or 

described, coming on every three or four weeks an 

three days. . . pnge hut had not been 

For the past year the pain had been more severe an > f ^ right nipple 

continuous. During this period the pain started m ie w Occasionally he 

and frequently radiated down the right arm as far as not su re that one 

was relieved by shifting his position in bed, althoug i ‘ The swelling on the 

particular position was more effective in relieving e ^ Jledi cinc, 

*Froni the Medical Service of the University Hospital, u„ e . 

new • . \ I . 


of trie U mvcicv — * 

•\Ye^ 'are" indebted to Ur. O. F. Potter, Boent.enolo.ist to the Crouse-lrv.n 


*From uie - -~ 

Syracuse University, Syracuse, A. 

five are indebted to Ur. C. P- P^-- . - 
pital for permission to reproduce this film. 
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dust increased only slightly in sice ,mi,l ntan S.K s “ ’,0 11.0 

found to ho the skc of a hen’s egg. One month More rt had .ncHasel o the 
s ' ]7e of a large apple, and the patient claimed that 'the tumor has doubled m sue 
in the past two weeks. Two months before he consulted the Syracuse Tree Dispen- 
sary. Potassium iodide was prescribed, the first nivtisyphilitic treatment he had 

received. . , . , . 

Other symptoms were: general weakness and gradual loss of weight during the 
past six years; slight twitching of the right hand associated with the attacks of 
chest pa iii for three months; marked dyspnea whenever the chest pain was severe; 
a moderate amount of cough with an occasional streak of blood in the sputum for 
five or six weeks. 


Physical Examination.— The patient was a well developed, rather poorly nourished 
white man of fifty-seven years, sitting up in bed, breathing quietly, apparently in no 
acute distress. His month temperature was 9S°, radial pulse SO beats per minute, 
respirations 10 per minute. The left radial pulse had more volume than the right. 




Fig. 1. — Roentgenogram of the chest 
made on September 21, 1921, which re- 
veals aneurysm of ascending aorta. 


Fig. 2.— Roentgenogram of the chest 
made on November 22. 192S, which re- 
veals an area of increased donsltv oc- 
cupying liie middle right lung Held/ The 
shadow of the ascending aorta cannot he 
separated from this area of density. 


>/ ,//'///■" " "™ ,Tas 102/ “ S %>'< tStimh of ll,o lips iiml 

T u TI ! c rie "‘ I " ,pil ” 5 '" e “ "> o lrft “H 

5 *° taH ’ tam, reacting slt.ggisl.lv the retlcn 

»£££$ 7C“r r * E ” e ’ ,% **»«*«• 

in the following mm f. v ,« 1,1, ?” ° f ‘’' C '"” !S " crc tak ™ 

point to the l,Lt point 0/ tl.e' tuniore ' /'{tf a.lsvpi / T" 

from H,o roidotemal lino to fl,o fortta,’ ,„J‘i TTTT'h'T “ C " 

measured above the level of the sternum. 1 ’’ E ( ho ”)’ tl,G elevation 

The vertical measurement was 17 cm. 

The transverse measurement was 15 cm. 

The elevation measurement was 5 cm. 

"* ■ sof,c "- - — 

left border of cardiac dullness was 13 75 em 'J. CC .l®” tU ° sun- ounding area. The 

13.75 cm. from the midsternai line in the fifth 
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interspace. Tlie apex impulse was not seen or felt. The heart sounds were of good 
quality, apex rate SO beats per minute and regular. There was a' loud, blowing 
systolic murmur heard over the preeordium, with the maximum .intensity noted at 
the apex. There was no abnormality of the second sound. The heart sounds and 
the systolic murmur could be heard over the pulsating mass. 

Examination of the lungs revealed a few moist rales at the left base posteriorly. 
There was clubbing of the fingers with moderate cyanosis of the nail beds. The 
deep reflexes were equal and active. 

Laboratory Studies. — Ked blood count, 4,800,000; hemoglobin, 60 per cent 
(Sahli) ; white blood count , urine, blood chemistry and renal function were normal. 
Complement-fixation test for syphilis: The fixation of complement was complete 
with the eholesterinized and the noneholesterinized antigens. 

A fluoroscopic examination of the chest revealed “a pulsating mass, the size of 
a grapefruit, in the anterior portion of the mid right lung field, apparently arising 
from the ascending aorta.” A roentgenogram of the chest showed a round shadow. 
The trachea and heart were displaced to the left (Pig. 2). 

CUnica 7 Course and Progress . — The mass gradually increased in size, and the 
pain became so severe and intense that for the greater part of the time opiates were 
required. Two months after admission the measurements of the tumor were: (A) 
22 cm.; (T) 16 cm.; (E) S cm. It was noted that the skin over the mass in the 
region of the nipple was blanched with a small area of ecchymosis surrounding it. 

On January 24, 1929, three months after admission, the measurements of the 
tumor were: (V) 26 cm.; (T) 25 cm.; (E) 11 cm. The circumference of the 
tumor around its base on the chest wall was 70 cm. The patient was very weak. 
The blood pressure reading on the right arm was 104/74 mm., on the left 118/SS 
mm. There was dullness at the right base posteriorly, and the breath sounds over 
this area were considerably diminished. Marked dyspnea was present. The radial 
pulses were of poor quality but synchronous. The right radial pulse was almost 

imperceptible. The patient grew weaker, and on the morning of February 9 it was 

noted that he had marked inspiratory dyspnea. On February 10, 1929, the patient 
died. 

Aecropsy .*■ — “Body is that of a fairly well developed, poorly nourished adult 
male, 171 cm. in length. There is a large, rather irregular mass on the anterior 
surface of the right chest wall. This mass is soft and fluctuating and measures 

65 cm. around its base, 20 cm. in diameter in one direction, 22 cm. in diameter 

in the other direction and 11 cm. in height. The skin is pulled tightly over tins 
mass and is adherent to it. 

‘‘On. opening the body the usual midline incision is made from the upper part of 
the sternum to the symphysis, exposing the peritoneal cavity. On the left side the 
muscles and skin are reflected from the chest wall as usual. On the right su 
the skin is reflected from over the mass by making an incision below the 
at about the level of the costal margin, extending from the midline 
ward and backward to about the mid-axillary line. The skin is then re 


The peritoneum is without evident lesion. rough 

“On opening the chest wall on the left side as nsual, the ribs are ,, st 

at the junction of the cartilages. On the right side the ribs are cut t ' ^ Pack- 
beneath the skin and soft tissues. The line of incision is carried upwarf < j n{er . 
ward to the intercostal space between tlie 2nd and 3rd ribs and t ,e ” .^. cs arc 
costal muscles in tbis space are cut up to the clavicle. The pleura 

. jj jp2P, 

*This is a partial report of the complete autopsy performed on Febru. 
by Dr. H. G. Weiskotten, Dean of the College of Medicine. 
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„„ rpi.p ortrnns arc then dissected 

~ - vo— '-*>• * — to 

one another. contains about 300 ex. of. a clear 

‘ ‘ Pleural Cavities: The ng 1 • P 0111,1 ■ . .py Pleural surface of 

a„, be, -colored fluid. There is ,» free fluid >" 1 ^ s0 ,„„vl,at <*!•**, 

both luners is fairly smooth and glistening. The light tun 

the niass°and fluid occupying almost: the ^ enhre i^ P ^somewhat reddish in 

j^LXi=t ~ 

pressure there can he expressed a moderate amount of reddish and g.avis. 

Spleen, liver, gall bladder and ducts, pancreas, kidneys, adrenals, and oigans 
of tlio pelvis were not remarkable. 

“Mass, Heart and Aorta: After removing the above described organs, tlic 
heart and aorta, which arc left attached together, are examined, flic aorta is 
opened throughout its entire length, beginning in the abdominal aorta and extending 
into the left ventricle. When this is done it is found that the mass is in direct 



Fig. 3. — Appearance of aneurysm, illus- Fig. 4. — Note relative size of aneurysm 
trating size and elevation. and chest wall. 


continuity with the first portion of the aorta G cm. above the heart, there being 
an opening between the mass and the aorta at this point, measuring about 3x4 cm., 
across, allowing the blood free circulation into the mass. Between this opening 
and the heart there was another small pouching of the aorta, measuring about 3 
cm. across and about 2 cm. in depth. A portion of the wall of the mass is removed, 
beginning at the aorta and extending down one side of the mass, clearly demonstrat- 
ing that there is a communication between the aorta and the mass. Most of the 

lumen of this mass is filled with organized blood clot, but the center is composed 

of fluid blood and post-mortem blood clot. On further examination it is found 

that the mass had eroded through the ribs and had extended to the external sur- 

face. The entire specimen was preserved and there was no further examination 
of the heart or pericardial cavity. 


UUL 


“ Anatomical Diagnosis.— Aortitis; Aneurysm of the first portion 
edema and congestion of the lungs; some acute nephritis; right sided hydrothovr 
with collapse of the lung; marked generalized arteriosclerosis . ’ ’ 


COMMENT 


The particular features of interest in this case seemed to 
ot the lesion, its duration and the termination. 


be the size 
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Size.—Rn rely are aneurysms seen that have reached such a tremen- 
dous size as the one described. Osier 1 states that “when perforation of 
the chest occurs, the size of the adult head may be reached, and with 
its contents the aneurysm may weigh five or six pounds. Broadbent 2 
declares that “aneurysm of the ascending aorta may attain very great 
size, sometimes being as large as a child’s head.” Pigs. B and 4 show 
the tumor protruding through the anterior chest Avail. Pig. 5 shows 
the post-mortem specimen, illustrating the relative size of the aneurys- 



Fig. 5. — Note the relative size of the aneurysmal tumor (A ) and the heart ( ) 
the aorta cusps (C) and the aorta {£>)• 


mal tumor and the heart of normal size. It Avill be recalled tha ^ 
Aveeks before death the tumor on the anterior chest Avail measuiec^ 
cm. in circumference and protruded 11 cm. in front of the s ern 
Duration . — A most unusual feature of this case Avas its dmation. ^ 
found the average clinical duration in 101 eases to be 19- 1,1 
Lemann’s 4 seines of 84 cases includes no case of more than . 1110 ^ 
Broadbent 2 states: “When situated in the ascending portion ° 
arch above the pericardium, the patient may live forborne j ears 
out experiencing much inconvenience from it, especially i 
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aneurysm of thoracic aorta 


rysrn extends forward and makes its way through the chest wall." 
Cabot 5 believes that when symptoms finally appear they us n . - 

to death within two years. Sailer* reported a patient who lived o 
three and one-half years after wiring and then died of nnwarran ted 
exertion. In the case presented we have definite knowledge o. ■in- 
existence of the aneurysm for at least seven years. A further point o 
interest is that it was not until the aneurysm had made its externa 
appearance on the anterior chest wall that the patient was examined 
and the nature of his lesion determined. The roentgen-ray appear- 
ance of the aneurysm in September. 1921, is shown in big- I- lhe 
roentgenogram of the chest in November, 192S, is illustrated in big. 2. 
For six and one-half years the size of the external tumor remained 
practically stationary, according to the history given by the patient. 

Termination : — When one considers the size and duration of the tumor. 


it seems remarkable that there was no point of rupture, either exter- 
nally or internally. When rupture occurs, it is more likely to he in- 
ternal. However, one could hardly fail to have been impressed by 
the thinness of the stretched skin over the large, protruding, pulsating 
mass. Those who examined the mass after it had reached this tre- 
mendous size were indeed reluctant to palpate the lesion lest the 
slightest pressure precipitate what seemed almost inevitable. 

There is general agreement 5 ' r ’ s ’ ®* 10 - 11 in the view that whereas from 
one-fourth to one-half of all cases of aneurysm terminate in rupture it 
is very rare to have the rupture occur externally. In the case de- 
scribed in the present communication it has been pointed out that 
there were no clinical signs or symptoms of rupture ; the post-mortem 
examination also failed to reveal any point of rupture. 


SUMMARY 

A case of thoracic aneurysm presenting some unusual features is re- 
ported. Previous to death the protruding aneurysmal tumor measured 
70 cm. around its base and was elevated 11 cm. above the level of the 
sternum, illustrating the fact that aneurysms of the thoracic aorta 
may reach a size larger than is generally appreciated. Evidence is 
presented to show that the aneurysm was present for more than seven 
years. Clinical and post-mortem examinations failed to reveal any 
point of rupture m the aneurysmal wall. The fact that this type of 

— ° n may . ocetur m au aneurysm of unusual size and duration 
should be appreciated by tlie physician when considering prognosis. 
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arteriovenous aneurysm between aorta and _ 
SUPERIOR VENA CAY A. CASE REPORT 

Maurice Packard, M.D., and II. F. WncnsiAAt, M.U., 

New York, N. Y. 

OINCE 1832 when Beevor* described the first example of artorio- 
O venous aneurysm between aorta and vena cava, about sixt.i eases 
have been reported in the literature. The first, correct, ehmeal 
sis was apparently made by Maync 8 in 1853. Pepper and Gnthtlr 
were the pioneers in this country to direct attention to tins interest m- 
and unusual condition. In 1890 they were able to collect and analyze 
forty-three eases, establishing the diagnostic criteria for its clinical 
recognition. Except for the incomplete surveys of Hie literature by 
Pussell 4 and by Herrick, 5 very little has been added to our knowledge 
of the subject since that time. We have been fortunate to observe and 
autopsy a typical example of this condition, and because of its rarity 
we are publishing the ease. 


CASE redout 


A. L., a Pole, tliirty-eight years of age, a truckman l>v occupation, was admitted 
to the Gouvcrncur Hospital August 30, 1020, complaining of headache, dizziness 
and difficulty in breathing. 

His past history was entirely negative and he denied venereal disease by name 
and symptoms, lie had been performing his usual strenuous work in ins capacity 
as a truckman when with absolutely no prodromal symptoms he was suddenly seized 
with intense headache and dizziness. Associated with these were a choking sensn- 
tion, great difficulty in breathing and a frequent distressing cough. His face and 
neck lmd at the same instant become markedly swollen and deep blue in color. lie 
had vomited once before his admission. 


On physical examination, he presented a striking and unique appearance. The 
outstanding feature was the peculiar disproportion between tbe upper and lower 
halves of Ins body. His face, neck, upper extremities and the upper half of his 
chest were not only greatly swollen and pitted on pressure but were extremely cold 
and cyanotic. The upper extremities were least involved and both the edema and 
cyanosis stopped abruptly at the level of the fourth rib. lie was markedly dvspiieic 
and orthopneic and visibly in great distress. The conjunct! vac were greatly con- 
gested. The pupils, though regular in outline, reacted sluggishly to light and in 
accommodation. The mucous membranes of bis nose and mouth worn cyanotic, as were 
s ears. His neck could only be described as bull-like in character* and although 
212=* "*"*•*- *> IM. mM be discovered. His d« Z^SSt 

‘From the Medical Service of the Gouvemeur Hospital. 


281 



282 


THE AMERICAN HEART JOURNAL 


to examine because of the edema. The apex impulse of the heart was located in the 
seventh left interspace in the midaxillary line. The heart was also enlarged to 
the right. The manubrial dullness was increased, especially beneath the right 
clavicle, but the exact extent was difficult to determine. A systolic thrill was palpable 
at the base, and a very loud murmur was heard over the entire chest, louder, how- 
ever, over the aortic region. The murmur was of a peculiar character. It was 
continuous through both systole and diastole, but became markedly intensified with 
each systolic contraction. It was high pitched and slurring in quality, and com- 
pletely replaced the first sound. The second sound was inaudible. The pulse was 
of the Corrigan type, and the blood pressure in each arm Was as follows: right, 
190/0 nun.; left, 176/20 mm. Moist rales were heard over both bases of the lungs. 



Fig. 1. — Arteriovenous aneurysm, anterior view. 

The liver and spleen were not palpable. The lower extremities J)on nnl 

normalities and were in marked contrast to the upper. The reflexes 


and no pathological reflexes were present. Pynline 

The laboratory findings were as follows : Urine : albumen 1 pl us > ‘ ^ . 

casts. Blood count: K.B.C. 7,40 0,000; W.B.C. l/,200; polynucc. 
lymphocytes 31; mononuclears 6. Wassermann: 3 plus. Blood Chem s 


128; sugar 105. 


The clinical course was extremely brief 


finally lapsed into coma, and died twelve hours after his 


rief. He gradually became inereasmgl> sleeps 
1 . 0 , irs after his admission and 


hours after the onset of his illness. 

The autopsy findings as they relate to the heart and vessels - ^ 
(Pigs. 1 and 2) : The pericardial sac contains no excess of U1 a 


follows 
free of 
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adhesions. The heart is moderately enlarged, measuring 11.8 cm. x 12.2 cm. x ;> cm. 
Together with the great vessels, it weighs GOO gm. The cpicardial fat is diminished 
in amount, and on the anterior surface of the left ventricle near the apex is a 
tendinous fleck about 1 cm. in circumference. The left ventricle is slightly dilated 
and moderately hypertrophied, its wall measuring 1.8 cm. to 2.2 cm. in thickness. 
The right ventricle is moderately dilated and hypertrophied, its wall measuring O.o 
cm. to 0.7 cm. in thickness. The right auricle is markedly dilated and filled with 
ante-mortem thrombi. The valves arc negative except for a dilatation of the 
tricuspid ring and slight thickening of the corpora arantii of the aortic cusps. 
The heart muscle is yellowish-brown in color and somewhat friable. 

Arising from the aortic arch by a wide mouth, is a saccular aneurysm, the size 
of an orange. The sacculation commences 3 cm. above the aortic ring and extends 



to the right and posteriorly. Prom the h-me nf „ 

shallow secondary sac, the size of a walnut' Its wall . nncln '- vs »b there projects a 
and exhibits, approximately in its center a 1 “ Very tlnn translucent 

The edge of the perforations rVZZtZ !' °* 4 «“• * 

^ enters the superior vena cava. The floor of’ 'the ’of 'o nUd * P1 '° bC thr0Ugl “ 

reddish-gray thrombi. The intima of the ti • ‘ urjsm P ro P° r rs covered with 
cloudy, thrown into irregular lids and 7° It is 

translucent, slightly raised nodules The co oi n . S, ‘°' VS 1U ? meroUs ’'.Valine, 

their and a few atheromatous ZZJ*- 'V* ^ some loving 

branch near its origin. ^ ^ s 111 ”' e anterior descending 

", t rsv;:rv" a ■— * * *. 
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% Microscopically, the heart muscle shows hypertrophy, marked edema, slight inter- 
stitial fibrosis and moderate hyaline and fatty degeneration of the muscle fibers. 
The aorta is the seat of a typical luetic mesaortitis. Miliary gummata are present 
about the vasa vasorum, and the greatly scarred media are invaded by this cellular 
granulation tissue, which often surrounds necrotic foci. The intima is thickened 
and hyaline. 

Sections near the perforation reveal the wall of the aneurysm to be composed of 
hyaline fibrous tissue, covered witli a thin layer of liyalinized thrombus. The 
adventitia is profusely infiltrated with round and plasma cells and an occasional 
multinucleated giant cell. The wall of the vein is sparsely infiltrated with round 
and plasma cells. As the perforation is approached, both walls become increasingly 
edematous and more markedly infiltrated with inflammatory cells, mostly polynuclear 
cells. Large necrotic foci appear in the wall of the aneurysm surrounded by these 
inflammatory cells. Finally, at the site of perforation the walls are completely 
necrotic and densely infiltrated with polynuclear cells, many of the latter being in 
various stages of degeneration and disintegration. All the changes described are 
much more pronounced in the artery than in the vein. 

COMMENT 

"We do not wish to enter into an elaborate discussion of the many 
interesting phases of this condition, but we cannot refrain from enu- 
merating briefly 7 ' the cardinal diagnostic criteria which this typical ease 
demonstrates so well. They are : 

1. Evidences of obstruction to the circulation of blood in the supe- 
rior vena cava and its tributaries : cyanosis,, edema, coldness and dis 
tention of the veins. 

2. The suddenness of the onset of these symptoms. _ _ 

3. Evidence of a tumor in the thorax and the probability that it js 

aneurysmal in nature. 

4. The existence of a murmur characteristic of a communication e 
tween an artery and a vein, that is, a continuous one intensifie } 

systole. , 

Not all these criteria are always present, and they may be grea ) 
modified, but a typical ease such as this not only offers no diagnos ie 
difficulties but remains forever indelibly impressed on the memoij. 
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TWO-TO-ONE RIGHT BUNDLE-BRANCH BLOCK 

Luther, W. Kelly, M.D. 

Charlotte, N. C. 

T WO-TO-ONE riglit bundle-branch block is a rare phenomenon 
that has been reported only once. 1 It consists of a normal sino- 
aurieular rhythm with the alternation of normal and abnormal ven- 
tricular complexes, the abnormal complex exhibiting . right bundle- 
branch .block. 

Ilf-1928 ; Leinb a eh and White published a report of their case which 
progressed to complete right bundle-branch block within a period of 
five'days. The first electrocardiogram showed a pure two-to-one right 
bundle-branch block, the second showed the same phenomenon, but 
with' contiguous blocked impulses occurring once ; the third, complete 
blofk of the right bundle of His. Included in their report were trac- 
ings obtained by Dr. Stenstrom of Sweden in which this phenomenon 
occiirred as a brief event of a few beats’ duration between relatively 
normal bundle-branch conduction and complete right bundle-branch 
block. In the latter case exercise with increase in the heart rate im- 
paired intraventricular conduction, while slowing of the rate by vagal 
pressure restored normal conduction. 

Baker 5 has described a temporary bundle-branch block occurring 
during tachycardia, with restoration of normal intraventricular con- 
duction as the heart rate became slower. The administration of oxy- 
gen raised the threshold for defective conduction so that the normal 
complexes persisted in spite of an increase in rate that previously had 
produced the block. Electrocardiograms have been published illus- 
trating variations in degree of block or even alternating right and left 
bundle-branch block, but except for the two cases cited by Leinbach 
and White the two-to-one phenomenon has not been observed. 

An additional case of two-to-one right bundle-branch block is re- 
ported here. The patient was referred for an electrocardiogram by 
Dr. Lucius G. Gage of Charlotte, when he noticed on physical examina- 
tion a striking alternation of the first heart sounds, one being clear and 
ringing, the next soft and muffled. There was no accompanying alter- 
nation in blood pressure. 


CASE REPORT 

Mrs. F. W. White, a primipara, aged 61 years. 
Diagnosis; ( 1 ) Hypertensive cardiovascular disease 
w) right bundle-branch block. 

Complaint: Dizziness, palpitation. 


(2) congestive failure; 
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Family History: Father died at 86 years of age following a third cerebral 
hemorrhage; paternal grandfather died at 86; paternal grandmother at 80; mother 
died at 66 suddenly of unknown cause; one brother died at 50 of cerebral hemor- 
rhage; two sisters died during operations; one brother and two sisters are living 
and well. 

Previous Medical History: She does not remember any contagious diseases 
in childhood but did have malaria. She had typhoid fever at sixteen; pneumonia 
twice in adult life and a tonsillectomy at 57 years. In 1928 she had an illness 
characterized by tachycardia and vertigo lasting a few weeks. Her systolic blood 
pressure is reported to have been over 200 mm. of mercury and her pulse 120 at 
that time. 



Fig. 1. — Electrocardiogram (Leads I, II, and III) taken April W. 1030, s |j ve 
sinus rhythm, rate 140, and two-to-one right bundle-branch block. Two s but 
blocked impulses are seen in Lead I. This occurred again in Lead 1 inot si > 
did not occur elsewhere. 

Present Illness: Her present symptoms appeared in the latter part of Mure ) 
1930, following an active social life with financial worries of several months dur.^ 
tion; in addition she had been under a mental strain most of her adult life due 
marital difficulties. Her first symptoms were transient palpitation, tachycar w 
and vertigo following emotional stress. These attacks became more frequent, o 
longer duration, and in addition she had edema of the ankles, dyspnea on exer io 
and slight orthopnea. ^ 

Physical Examination (April 14, 1930): Showed a well nourished noman 
61 years, mentally alert though apprehensive and irritable. 

The eyes, ears, and nose were negative; the tongue was coated, and 
extensive pyorrhea alveolaris. The thyroid gland was not palpably enlargcc , 
was no exophthalmos or tremor, no enlargement of the cervical lymph no cs. 

At the bases of both lungs there were numerous medium moist rales. 





KELliY : TWO-TO-OXE RIGHT UUXDIjE-HRAKCII IH-Ol v 
, T . . TIin llr ., rt W . 1S onlarged to tlie loft, and the rate was rapid, but tboro 

„f „ elcnr ringing «.»».! alKtnnting >-111, n »ftcr ».«»« »»n,l. rto " 

°',I Mna , intensity over toll, the nortis- .,ml the pulm, toe »«•»«■ I « 

Motni pressure rrus 220 mm. of inereury, lire clinstofe 110 «».; no iiUenintieii nr tin 
systolic or diastolic pressure to eo, respond rvitl, alter,, alio, r in 

was hoard. , , 

The abdomen was pendulous but otherwise negative. The liver and spleen were 

not palpable. 

The skin, the extremities except for slight edema of the ankles, and the reflexes 
were normal. 

Laboratory Data: The urine was acid in reaction with a specific gravity of 
1.010 and contained a faint trace of albumin but no sugar, and had no pus, blood. 


■riff. 2. — Electrocardiogram (Leads I, II, and III) taken April 17, 3030, showing a 
sinus rhythm and complete right bundle-branch block, rate 105, 

or casts in the sediment. The white blood count was 0,000; the red cell count was 
5,200,000; the hemoglobin 100 per cent. A few days later the blood sugar four 
hours after breakfast was OS mg. per 100 c.c. of blood; the blood uvea nitrogen 
6.8 mg., the creatinin 1.27 mg. The Wasscrinniui test was negative. Basal metabo- 
lism. determinations were unsatisfactory, ranging from +S per cent to +14 per cent, 
and she refused to attempt further tests. 

Electrocardiograms: A tracing (Fig. 1) taken at the time of lier first examina- 
tion, April 14, 1030, shows a sinus rhythm, rate 140, and two-to-one right bundle- 
branch block save for two instances in Lead I where two successive blocked 
impulses are seen. A tracing (Fig. 2) taken April 17, 1930, after the patient had 
n-en a total of 10.5 grains of powdered digitalis leaf during the preceding two 
toys shows a sinus rhythm, rate 105, and complete right bundle-branch block A 

brani ra bf n ? ^ 22 ’ 193 °’ a,S ° Bho " a shl ” s -itli complete bimdle- 

freement „) S ?7 ntomatlcall y 8,10 hnd im P ro ™ d bad failed to return for more 
1 ent observation as requested. Prior to this last tracing she had been takhm 

iJrZo’JT""’ da " ? b "‘ “ VOlUnt " il> ’ «'« ,ln,g four or five 
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SUMMARY 

A ease is reported showing at first two-to-one right bundle-branch 
block and later complete right bundle-branch block. Only two other 
instances of this phenomenon have been found in the literature, both 
being recorded in the same report ; one of these was a brief transi- 
tional event, the other of longer duration to which the case reported 
here is comparable. 
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CONGENITAL HEART-BLOCK 
Report op a Case 


Meyer Solar, M.D. 
Brooklyn, N. Y. 


IN DISCUSSING congenital heart-block Maude E. Abbott, m b ci 
1 comprehensive study of “Congenital Cardiac Disease, states that 
“This is a rare condition, but of great, interest from the phjsiolo e ic« 
standpoint and from that of the cardiac anomaly which is nearly al- 
ways associated.” Abbott further states that of the cases reported m 
the literature, only those having been proved by graphic records am 
where the history of the block dates back to early childhood, can be 
considered as cases of congenital heart-block. Of such cases she states 
there were sixteen in the literature, only one of which, that of Y ilson 


and Grant, 2 having come to autopsy. 

The following year (1928) Davis and Steelier* published twenty 
cases of congenital heart-block, nineteen from a review of the litera- 
ture and one of their own, these cases having been proved by electro- 
cardiograms or pulse tracings. 

A year later, Yater 1 working at the Mayo Foundation published 
thirty cases of proved congenital heart-block, twenty-nine from a re- 
view of the literature and one of his own. Of these thirty cases, three 
came to autopsy — that of Wilson and Grant 2 as already mentioned, 
that of Perotti 5 and his own. 


It is important to note that of the cases proved by graphic records, 
those studied with the electrocardiograph are undoubtedly the most 
convincing. When Fulton, Judson and Norris 6 published a paper en- 
titled “Congenital Heart-Block” occurring in a father and two chil- 
dren, one an infant, proving this condition with polygraphic tracings, 
White, Eustis and Kerr 7 denied their contention, stating that only the 
infant’s tracing showed a true block, whereas the other two poly- 
graphs were normal, yet were not correctly interpreted. 

As for the factors responsible for the production of congenital heart- 
block, it shoxdd be mentioned that, in those two of the three cases that 
came to necropsy, and in which histological studies were made, devel- 
opmental defects in the auriculoventricular bundle were found and not 
a prenatal endomyocarditis. 


ItUirORT 
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self by a loud systolic murmur heard over the midpreeordium and discovered bv 
him during a casual examination. Tire boy himself had no symptoms referable to 
the heart. In fact he complained only of occasional frontal headaches coming on 
especially after school, not relieved by glasses. He had been a full-term baby, 
delivered spontaneously, weighed seven pounds at birth, was breast fed until seventeen 
months of age and never cyanotic. He sat up at six months and shoved his first 
teeth at seven months. He began to walk between eighteen months and two years. 
His mother, who was both intelligent and cooperative, told ns that as a youngster 
his appetite was very poor and he developed very slowly; at the age of eight years 
he weighed only 30 or 35 pounds. 

This year he changed two of his deciduous teeth and he still has three deciduous 
teeth left. His past history is absolutely negative for rheumatic fever, chorea, 
diphtheria, tonsillitis or scarlet fever. He had measles and mumps when seven 
years of age. When he was four years old, his mother took him to the country. 
While there, he was taken to a physician because of a slight cold. The doctor at 
that time asked the mother if' she knew there was something wrong with the boy's 
heart. At present his appetite is good, he sleeps well and his bowels are regular. 



Nig-. 1. — Teleroentgenogram. Enlargement of all cardiac diameters indi 

measurements. 


He is alert mentally, being in the second year in high school. He was a "O 
from gymnasium exercise because of the murmur. ^ ^ flS j s a 

The family history is essentially negative, father and motlici being " ^ ^ 0 f 

sister of twenty-two years of age. He lost recently, a brother o " a ^ oro „g],]y 
some streptococcus infection — -which prompted the mother to have this oy 
examined. ^ co ] or 

Physical Examination . — The hoy was 59%" tall and weighed 103 ^ ^ 

was good. The fingers showed no cyanosis or clubbing. The pulse Ta ^ j J3J piilse 

per minute, regular and full and corresponded with the apex late. ie a wa5 

was in the fifth intercostal space, slightly outside the nipple line, u 
palpable anywhere over the precordium. The left border of the heal c- k„ r <ier 
centimeters in the fifth space to the left of the midsternnl line am ^ s y S toHe 
extended 4.7 5 centimeters to the right of the midsternal bne. . e ° g cc 0 nd and 
murmur was audible over the precordium with maximum intensity in ie ^ a c- 
third interspaces, immediately' to the left of the sternum. T'- Tvns 
centuated as compared with A-2. , of | ier tri-'f 

Laboratory Observations . — The urine showed a faint trace of aVbunvu> cC j] 5 . 
was negative. The blood count showed 4,130,000 red cells and c >° 
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Hemoglobin was S3 per cent (SaHi). A teleroentgenogram and fluoroscopic exam- 
ination showed an enlarged heart increased in all diameters (Fig. ) v u 1 *’ ® . 

fullness in the pulmonic region and vigorous pulsations in the region of the 1 
conus. The eardiotlioraeic ratio was 58, which is considerably above normal for his 
age and development. Wassermann reaction was negative and the blood chemistry 
was entirely normal. Ilis blood pressure was 120 mm. systolic and 65 diastolic. 

The electrocardiogram showed complete auriculoventrieular dissociation, with tend- 
ency to right ventricular preponderance. The auricular rate was 8.1 per minute, and 
the ventricular rate was 48; both were regular (Pig. 2). 




Fig. 2. — Electrocardiogram. Leads T TT ttt n , 

tion with tendency to right' venSttr pSpo^ff Wlar dissocia - 

CUnical Course — We reexamined him on February I loan 
15, 1930, and on both occasions he showed n i \ 193 °’ and again 011 March 

first on one foot and then I t tZ V « ™ d ° r 50 > (lumping 

>™ P»l» ™>e. His Mood C ,c ! „\“,h r ^ 'U 

05 diastolic. Ho is stiU m L . u.- „b“™L ” 12 ° 

! 

COMMENT 

by °* h “* ** -vdio- 

cope ’ ~ " ° £ «• 
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absence, despite the complete heart-block. In fact the patient never 
complained and never had electrocardiograms taken before, although 
the mother knew he had a murmur and slow heart since early child- 
hood. It was rather his brother’s premature death that prompted this 
examination, with the result that the complete heart-block was inci- 
dentally discovered. 

Developmental defects usually occur in multiples. In this case 
heart-block, probably resulting- from developmental defect of the bun- 
dle, was associated with the retention of the deciduous teeth to a late age. 
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Cookson, Harold: The Etiology 
J. Mod. 23: 309, 1930. 

The prognosis in the two largest etiological groups of fibrillation lias been 
studied in a group of thirty-six eases admitted to the London Hospital. The ex- 
pectation of life is greater in that type which has often been referred to as the 
arteriosclerotic. 

Tho influence of various other factors also has been considered. In mitral 
stenosis, cerebral embolism is shown to occur as frequently when the rhythm is 
normal as when fibrillation is present. When partial block' is present, apart from 
treatment, the outlook for patients with fibrillation is better. Fibrillation of the 
auricle does not appear to add to the gravity of a case in which complete block 

T ’ 7 tlW tW ° diS01 ' ders are combined, Adnms-Stokes attacks have 

Premature^ ventricubi ^ is adverscl >' aiTected V bundle-branch block, 

emature ventricular contractions occurring spontaneously do not affect it 

The auricular oscillations of the electrocardiogram are 'generally smaller in the 
nonrheumatic than in the rheumatic type There is hh,! ' 7 the 

7 ,io " ,c "" 

~tzi jvt* f,vo ,imcs 

or may not relieve the min- T r f 0 15 1C ent of fibrillation may 

Infective endocarditis and auriculTflTTr 1 ^’^ * e ° ngCStivo failurc results. " 
sequelae of rheumatic carditis but are vc^ ” ^ 7° 5) ° th themsclvcs common 
frequently sudden in ^ - not in- 

Sc tsr r m! a i c hi s raiuue ° f Diph ' 

Johns Hopkins Hosp. 46: 359 ; 1930 ‘ y ailure of Diphtheria. Bull. 

°«; re *« » Profound disturbance of 
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Nye, Bobert N„ and Parker, Frederic, Jr.: Tissue Eeactions in Rabbits Following 
Intravenous Injection of Bacteria. Am. J. Path. 6: 381, 1D30. 


*'■’ The P reswlt P a P<* deals with the methods used to produce the lesions in the 
.Ajody following the injection of bacteria, also a detailed description of the his- 
tological changes, is included. 

The authors have found that following the intravenous injection of relatively 
large doses of various dead bacteria into rabbits there is a marked reaction of the 
tissue which contains cells of the reticulo-endothelial system. This reaction con- 
sists in an increase of lymphoid cells which are eventually transformed into, or 
replaced by, monocytes and giant cells. Such lesions ordinarily are temporary and 
resuit in no permanent damage. Identical lesions occur after the intravenous in- 
jection into rabbits of various colloidal substances. 

They believe that such changes represent the reaction of normal rabbits to the 
disposition of foreign materials in the blood stream and have nothing to do with 
reactions secondary' to sensitization or immunization. 


Clawson, B. J.: Experimental Streptococcic Inflammation in Normal, Immune and 

Hypersensitive Animals. Arch. Path. 9: 1141, 1930. 

Experimental streptococcic inflammatory lesions were studied by both gross and 
microscopic examination in animals under three specific conditions; normal, im- 
mune, and hypersensitive. The lesions studied were produced by the injection of 
small doses of streptococci into the subcutaneous tissues of rabbits. 

The first group of normal animals had not had any previous injection and showed 
no agglutinins for streptococci at the time of the multiple subcutaneous injections. 
The second group of animals which had been given an immunized dose of strepto- 
cocci intravenously showed agglutinins in the blood and some at the time of the 
secondary injections. The third group consisted of animals which had received 
one subcutaneous injection of agar of 45° C., heavily seeded with streptococci. 
Agglutinins in the blood of most of these animals were absent at the time of the 
secondary multiple subcutaneous injections and low at the time when the animals 
were killed. These animals were called the hypersensitive animals. 

Experimental subcutaneous nodules with a polyblastic type of inflammation, 
similar to those seen in cases of human rheumatic infection can be produced m 
normal immune and hypersensitive animals by regulating the dose of the injection. 
These nodules can be produced with much smaller doses in the hypersensitive 
animals. 

General immunity tends to retard the development of subcutaneous nodules c/^ 
cept in cases in which the subcutaneous injections are made in from seven 
twelve days after the primary immunizing inoculations. 

The relationship between allergy and the pathogenesis of experimental lhcuma 
subcutaneous nodules appears to be quantitative only. 

Valentine, Eugenia, and Van Meter, Martha: The Localization of Strcpto 

in the Tissues of Babbits. J. Infect. Dis. 47: 56, 1930. 

of 

In this investigation the lesions produced in rabbits following the in.i c s j ll( ]j e( ], 
streptococci secured from tlie mouths of clinically healthy persons hav e J jCCI 
Specimens from the tonsils and teeth of persons with evidence of ioea or ' nnjj)n 

infection were used for comparison. The ability of streptococci from nnd 10 

sources to invade the tissues of rabbits following intravenous inocu a I0 ^ ^ ^ )e 
produce local pathological processes has been borne out and. cultures espec 
alpha or green producing variety frequently localized in the joints an * a| 
(13 per cent) in the heart, kidneys and other tissues regardless ol 



abstracts 


295 


• mneve is some indication that 

history of the person who furnishcd thc spccnnc • for rabbits than 

these green producing streptococci have a greater im s 

other strains and produce heart lemons more vnriat5oil 5n .attempts 

On the basis of this investigation, there is a ^ ‘ thc 80ttrcca of the 

to correlate the localization of s icp oco ® t j oca p./.e is an inherent 

cultures. It docs not appear that the ability of s t .r»» ' to n0 t 

quality of the organisms associated noth similar foci in the 
apparent what factors govern specific localization. 

Derick, C. L., Hitchcock, C. H., and Swift, Homer T.. Eeaetions of Eabbits 
Hon-Hemolytic Streptococci. HI. A Study of Modes of Sensitization. .T. Lm • 

Med. 52: 1, 1930. 

The most satisfactory method thus far found for the induction and maintenance 
of a high degree of hypersensitivity against nonhemolytic streptococci eonsis s m 
the repeated production of small focal lesions with minimal doses of bacteria. The 
authors have studied the method of producing agar foci of infection m rabbits, 
in order to simulate conditions occurring in humans in relation to rheumatic fever. 
They believe that after a preliminary sensitizing period of about two weeks’ dura- 
tion with either large initial or small multiple daily inoculations, the inter foci 
need he produced only at seven to ten day intervals. 

Harrison, Tinsley E., and Pilcher, Cobb: Studies in Congestive Heart Pailurc. 
H. The Eespiratory Exchange During and After Exercise. J. Clin. Invest. 8: 

291, 1930. 

Under basal conditions the individuals with congestive cardiac failure who were 
studied had increased ventilation, but their metabolic rates were usually normal. 
Exercise which produced no discomfort in normal subjects caused distress in the 
patients, and the degree of distress was usually proportional to the amount of 
edema. The ventilation increased more in the patients. The oxygen intake during 
the exercise was usually somewhat less and the oxygen debt correspondingly greater 
than in normal subjects. The total oxygen requirement was usually not changed. 
The excess carbon dioxide production during the exercise was often slightly greater, 
and immediately after the exercise it was usually considerably greater than in 
normal subjects. The patients with the most edema had the greatest carbon dioxide 
excretions. 

The maximal exercise of which decompensated patients were capable was much 
less than for normal men. Maximal values for oxygen intake during exercise and 
for oxygen debt were much less in the patients than in the normal subjects. 
Maximum ventilation was also less. One cardiac patient who had never been 
decompensated on performing maximal exercise had an oxygen requirement and 
oxygen debt comparable to those of normal individuals but had a ratio of oxygen 
intake during exercise to oxygen debt comparable to that of the decompensated 
patients. One patient with mitral stenosis and only slight edema had a lower 

“2 atoi4e “«"«'>» toi »S .,„ y 5nbjcct 

Prom these findings the following conclusions are drawn: 

Subjects with mitral stenosis and only slight edema miv 
inability to tame tbei, cardiac output per “ taS £l0 ”' 

Subjects with edema and hypertensive heart ri;„„nc „ 

maximum cardiac output; (b) impairment ‘ of oxygen ntUizM^n ( ? * ^ 

given cardiac output per minute the oxygen i , * ’ S0 tliat a 

power of the tissues. ‘ g ‘ less; (c) diminished' buffering 
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In patients who have had edema of severe degree for a long time, the limiting 
factor, in so far as gas exchange is concerned, does not appear to be decreased 
oxygen intake but inability to acquire a large (normal) oxygen debt, and this 
discrepancy is believed to be due to impairment of tissue buffering power. 

Pilcher, Cobb, Clark, Gurney, and Harrison, Tinsley R.: Studies in Congestive 

Heart Failure, m. The Buffering Power of the Blood and Tissues. J. Clin. 

Invest. 8: 291, 1930. 

The Pk and carbon dioxide content of the blood of normal subjects and of 
patients with congestive heart failure has been studied before and after (a) ad- 
ministration of large doses of ammonium chloride, (b) breathing 5 per cent carbon 
dioxide and (c) a standardized exercise. 

The findings in patients with heart failure at rest were usually within normal 
limits, but a state of acidosis was found in three patients with very severe symp- 
toms. The changes occurring after administration of ammonium chloride and 
after breathing carbon dioxide were usually within normal limits in patients with 
congestive failure. The changes in P H after exercise were usually greater in 
decompensated patients than in control subjects, and the degree of change was, 
with one exception, proportional to the extent and duration of the edema. This 
is believed to be compatible with the presence of diminished buffering poweT of 
the tissues in heart failure. 

One compensated cardiac patient showed changes similar to those found in 
control subjects and one patient with noncardinc edema showed changes similar 
to those in the decompensated patients. This suggests that edema itself may he 
related to changes in the tissues of patients with heart failure. 

Harrison, Tinsley K., Pilcher, Cobb, and Ewing, George: Studies in Congestive 

Heart Failure. IV. The Potassium Content of Skeletal and Cardiac Muscle. J. 

Clin. Invest. 8: 325, 1930. 

The potassium content of the skeletal and cardiac muscle of individuals dying 
of congestive heart failure was found to be less than that of subjects dying without 
edema. The potassium content per unit of dry weight of edematous muscle was 
less than that of nonedematous muscle. This was true whether the edema was due 
to heart disease or not. 

The suggestion is offered that loss of potassium with consequent diminution in the 
buffering power of the heart muscle constitutes a physicochemical factor in the 
production of “cardiac fatigue.” In patients with congestive cardiac failure tlic 
decrease in potassium is believed to have been originally an effect of heait failure, 
but is considered as probably a secondary but important cause of subsequent brea 's 
in compensation. 

Pilcher, Cohb, Calhoun, J. Alfred, Cullen, Glenn E., and Harrison, Tinsley R-- 

Studies in Congestive Heart Failure. V. The Potassium Content oi o 

Muscle Obtained by Biopsy. J. Clin. Invest. 9: 191, 1930. 

The water content of pieces of gastrocnemius muscle removed by biopsy f 
patients with cardiac edema was invariably increased. The percentage o . 
was correspondingly decreased. These changes usually persisted after climcn 8 
of edema had disappeared. The potassium content of the wet muscle from ec ema 
patients was invariably abnormally low. Tire amount of potassium m 
muscle was usually but not always diminished. As edema decreased, the po as 
content of the .wet muscle rose in three subjects; that of the dry muse c 
in two of them. 
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and arterial, pressures and vital capacity of the lungs. Measurements made vta 
the basal metabolic rate was elevated were compared with subsequent measurements 
when the rate was reduced. 

There was a general but inexact relation between the degree of elevation of 
the pulse- rate and the increase in the basal metabolic rate. No significant devia- 
tions from the normal were observed in the venous blood pressure before or after 
treatment. Diminution in the vital capacity of the lungs was an inconstant finding. 
With a decrease in the basal metabolic rate, the vital capacity of the lungs tended 
to increase. 

The velocity of the blood flow was strikingly increased so that the pulmonary 
circulation time was the fastest yet recorded in man. The increase in velocity 
of blood flow through the lungs was proportional to the degree of elevation in the 
basal metabolic rate. This emphasizes the strain under which the heart labors 
in thyrotoxicosis. 

In nine patients with thyrotoxicosis but without circulatory failure, the basal 
metabolic rate averaged 33 per cent above the normal, while the velocity of blood 
flow through the lungs averaged S3 per cent above the normal. In 4 thyrotoxic 
patients with similar basal metabolic rates but with cardiovascular disease, the 
velocity of blood flow was slightly slower. The fact that the Latter group of patients 
experienced dyspnea on slight exertion emphasizes the close interdependence of 
the circulatory-respiratory-metabolie mechanism. When the basal metabolic rate 
was lowered by the administration of compound solution of iodine or by operation, 
the velocity of blood flow was correspondingly slowed. 


Morton, John J., and Scott, W. J. Merle: The Measurement of Sympathetic Vaso- 
constrictor Activity in the Lower Extremities. -J. Clin. Invest. 9: 235, 1930. 

The importance of deciding whether a given peripheral vascular disease is due 
to vasospasm, occlusion of the lumen, or a combination of the two is recognized. 
Spinal anesthesia is offered as a test which will simplify the differentiation of 
these elements in the lower extremities. By its use the vasoconstrictor activity can 
be accurately measured by the rise in the surface temperature of the feet. The 
test is simple, safe, rapid, and localized to the part under study. 

Under inhalation anesthesia surface temperatures show rapid changes in normal 
individuals and offer a possibility for a simple test for vascular lesions of the upper 
extremities. 


Brown, George E.: Observations on the Surface Capillaries in. Man Following 
Cervico thoracic Sympathetic Ganglionectomy. J- Clin. Invest. 9: 115, 1930. 


Quantitative studies on the capillaries of the skin of human beings have 
made both before and after cerricothoraeic sympathetic ganglionectomy. * ™ 
eases of advanced BaynaucUs disease, four cases of vasomotor forms of sclero enm? 
four cases of primary scleroderma, two eases of thromboangiitis obliterans, 
one case of arthritis of the hands have been studied. 

The operation did not cause dilatation of the capillaries (the usual physiologic*^ 
effect) in any case. On the contrary, there were consistent narrowing o ^ 
dilated atonic capillaries in Raynaud "s disease and an increase in the nwm e ^ 
visible capillaries. This could be explained on the basis of a diminished conce 
tion of a theoretical chemical dilator substance in the tissues. 


following sympathetic ganglionectomy in eight cases of vasomotor an prim . 
ns of scleroderma, there was definite reduction in the caliber of the capi * ^ 
t number of open capillaries for each square millimeter of skin me 
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width of the capillaries was noted. The intermittent slow How of «>»«« • ' ' ; 

Mood changed to one that was rapid, rcgnlar, and of normal color, lln, nnmhor 

of open capillaries was increased. 

The major effect of sympathetic gsmplioneetomy is exerted on the arteno os 
There is a sharp, maintained increase in the surface temperature of the Ain 
the hand in everv case. These studies add some confirmation to the opinions o 
those who hold to the importance of chemical factors in modifying tonus m the 
capillaries of the skin of human licings. Chemical control of these vessels seems, 
under certain conditions, more effective than nervous control. 


Brams, William A., and Strauss, Herman A.: The Effect of Amyl Nitrite on tlic 
Size of the Heart and the Width of the Aortic Shadow as Determined Roent- 
genologically. Am. .T. it. Sc. 180: 618, 1930. 

The size of the cardiac and the aortic shadow was studied roonfgonolngieally 
in a series of 21 patients before and after administration of amyl nitrite. The group 
studied included 6 normal persons and In showing clinical evidence of arteriosclerosis 

with and without hypertension. 

The transverse diameter of the heart shadow was reduced after amyl nitrite 
in 18 of the 21 persons studied. Presence, or absence of arteriosclerosis or hyper- 
tension seemed to play a minor role in these changes in diameter. The width of 
the aortic shadow was increased in 13 of the 21 patients after amyl nitrite. Tins 
result also seemed to he independent of the condition of the peripheral vessels or 
degree of hlood pressure. The changes in the cardiac diameter may perhaps be 
explained by the decreased content in the heart during diastole because of the. 
Tapid rate and displacement of blood into tbc dilated blood vessels and away from 
the heart. 


Wiggers, Carl J., Theisen, Harold, and Williams, Harley A.: Further Observations 
on Experimental Aortic Insufficiency, n. Cinematographic Studies of Changes 
in Ventricular Size and in. Left Ventricular Discharge. J. Clin. Med. 9: 21:1, 


The changes in ventricular areas before and after production of an experimental 
aortic insufficiency were studied at constant heart rates, for the purpose of evaluat- 
ing the percentile regurgitation. Successive photographs of the exposed heart, 
properly suspended in the pericardium, were taken at intervals of 0.031 second bv 
means of a moving picture camera. Each photograph was subsequently projected, 
its outline drawn and the area measured. The values so obtained were plotted 
as curves and related to simultaneous records of aortic pressures and anteroposterior 
movements of the left ventricle. The advantages of the method and the preeau- 
t ons necessary m its employment are analyzed in detail 

the degree to which the shol- P t , *. \ p t dlrcct conclusions as to 
■uHctewe,. nte «. 

increase in output and adding this to one Rolf « * ° a ’ determining the 

By taking the left ventricular ° f ^ tW0 nicies, 

.increase in stroke volume is easily calculated. ml ' ie ^ a JaSe ’ tllC percentile 
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The results show that during aortic insufficiency the diastolic size is larger ana 
the left ventricular discharge is increased from 16 to 58 per cent in different experi- 
ments, on an average 36.4 per cent. Factors other than heart rate and size of 
leak are responsible for the variations. 

In the discussion it is pointed out that changes in heart size without data con- 
cerning the stroke volumes of the left ventricle are of no value in determining 
the percentile regurgitation, but that the percentile changes in stroke volume of 
the left ventricle give by inference a fair estimate of the percentile regurgitation. 

The conclusion is reached that approximately one-tliird of the discharge during 
systole regurgitates through insufficient valves during diastole. 

\ 

Dock, W., and Tainter, M. L.: The Circulatory Changes After Full Therapeutic 
Doses of Digitalis, With a Critical Discussion of Views on Cardiac Output. 
J. Clin. Investigation 8: 467, 1930. 

Under experimental conditions in dogs a fall of venous pressure regularly ac- 
companied the diminished cardiac output following a full therapeutic dose of 
digitalis. The authors believe that this is evidence that the change in blood flow 
was a result of peripheral and not of cardiac actions of the drug. Following a 
single therapeutic intravenous dose of digitalis, there was a gradual rise of blood 
pressure, sometimes sustained during several hours in animals which had not been 
operated on, and simultaneously there were constriction of the vessels of the skm 
and intestine and air increase in the volume of the liver and spleen due to hepatic 
vein constriction and to a pooling of blood in these viscera. These changes must 
have resulted in the diminished venous return to the heart and a diminished output 
and heart size. 

The authors believe that these facts are in agreement with the generally accepted 
view that the output of the normal heart is governed largely by the venous return. 
The work of previous investigators has shown that the heart contracts with in- 
creased efficiency after therapeutic doses of digitalis but that the effect on cardiac 
output varies with the functional state of the circulation. The action of the drug 
in man probably varies in the same way ; i.e., the output of the normal heart is 
reduced, but in such pathological states as heart failure with passive hyperemia, 
digitalis would tend to increase the cardiac output and to restore the venous 
pressure to a normal level. 

t 

Tainter, M. L., and Dock, W.: Further Observations on the Circulatory Actions 
of Digitalis and Strophanthus With Special Reference to the Liver, and Com 
parisons With Histamine and Epinephrine. J. Clin. Investigation 8: 4So, 19 

When dogs are given by intravenous injection doses of digitalis corresponding ^ 
the full therapeutic dose for man, they exhibit a rise in arterial and fall m ,”^ cs 
auricular pressure but a simultaneous rise in portal vein pressure. These c 1,1 
are also caused by strophanthus. The fall in systemic and the rise in 
pressure are clue to constriction of hepatic veins. After the liver was elinutm 
from the circulation by shunting the portal blood directly into the inferior^ ^ 
cava or by ligating the arteries which supply the splanchnic area, digi a 
strophanthus did not cause a fall in venous pressure but in several instances ^ 
it and did not cause as marked an elevation of arterial pressure as in 1 10 an 
with the splanchnic circulation intact. Therefore, the fall in right nor. ^ 
pressure, after giving digitalis to dogs with the hepatic circulation m ac » 
due to diminished venous return flow and ultimately to an accumulation ° 
in the splanchnic or portal region as a Tesult of obstructed hepatic out °u- ^ 
The experimental procedures used to determine the actions of ( ’g l J l ' ^ 
strophanthus were controlled by comparisons in the same organism 
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actions of histamine and epinephrine which 
through a similar mechanism, the actions 


cause a similar pooling of portal blood 
being modified, however, by changes m 


other vessels. 


J. Clin. Investigation 8: 435, 19o0. 


of 


The purpose of the study presented here was to investigate a ™"' her ° £ 
or the 'circulation before and after the administration of digital* « P « 
who wore suffering from chronic rheumatic heart disease and "ho cMu c ^ 
proximatclv the same clinical degree of circulatory failme. Hepea • . 

measurements were performed before and after digitalization m -1 patients with 
rheumatic heart disease. The patients were comfortable, at rest, exhibited no 
clinical evidence of congestive failure but showed marked reduction m their func- 


tional capacity on attempting any muscular activity. 

The vital capacity of the lungs, the average cardiac output per minute and per 
beat, and the mean velocity of the blood flow were well below the normal. The 
velocity of the blood flow from the arm to face and the circulating blood volume 
were normal. While the average rate of blood flow was reduced as the result of 
heart disease, the exchange of carbon dioxide and oxygen between the capillaries 
and tissue per unit of the circulating blood volume was increased. The capillary 
circulation responded with increased efficiency in compensation for (lie impaired 
cardiac function. 

Although all the patients showed clinical improvement as a result of the ad- 
ministration of digitalis, the cardiac output, the velocity of blood flow, the circulat- 
ing blood volume, and the vital capacity of the lungs showed no significant changes. 
Certain aspects of the nature of circulatory failure in rheumatic heart disease 
are discussed. The evidence presented in this study and previous observations 
reported in the literature do not support the conception that the rate of blood (low 
is increased in circulatory failure because of rheumatic heart disease, nor that the 
beneficial effect of digitalis is manifested by its capacity to reduce the cardiac 
output. 


Gold, Harry, and DeGraff, Arthur C.: Studies on Digitalis in Ambulatory Cardiac 
Patients. J. A. M. A. 95: 1237, 1930. 

The following observations were made in the adult cardiac clinic of Bellevue 
Hospital on patients with auricular fibrillation with a view of determining the 
average daily dose of digitalis necessary to maintain the full therapeutic effects 
that had been induced when the patient was in the hospital. The authors have 
found that a much lower “effective concentration” of digitalis in the bodv 
suffices to produce full therapeutic effects than is required in the average bedridden 
patients m advanced congestive failure. They have found that in the ambulatorv 
patient full therapeutic effects as judged by the usual clinical criteria of im- 
provement can be produced by daily repetition of a relatively smaller dose of Z 

w b0 “ tte <>»- praa « ins 
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digitalis to produce the full therapeutic effects and then relatively smaller daily 
ones in order to maintain these results for long periods of time. They also 
believe that the explanation of this action is that the smaller doses are necessary 
in order to maintain the high "effective concentration” of the drug produced by 
the larger ones. Evidence has been set forth proving, however, that the “effective 
concentration” of the drug within the body necessary to maintain the effects is 
usually much lower than that required to produce them in the beginning. 


Hyman, Albert S.: Resuscitation of the Stopped Heart hy Intracardiac Therapy. 

Arch. Int. Med. 46: 553, 1930. 

The success of an intracardiae injection procedure for the resuscitation of a 
stopped heart is apparently due more to the effect of the puncture wound made 
in the wall of the heart than to the chemical substance injected. The myocardium 
of the normal asystolie heart rapidly becomes irritable with the onset of anoxemia. 
Under these conditions any mechanical stimulation may irritate the heart to auto- 
mafic contraction, and tl.e success ol massage and percussion of tart to 
resuscitation can be chained on this basis. A puncture wound mad e b, Jb, » 
jectiug needle becomes a focus of increased irritability lom u 
myocardial contraction may be developed 

injection are always extrasystoles, and the miti. > thc par t of the 

give way quickly to a normal sinus rhythm with prompt recovery on P 

However, when the period of anoxemia has been bo prolonged^yo 
there is considerable disturbance in the eteetood^ “ t and may he quickly 
contraction, the initial extrasystolic an iy rain a COI1 dition leads to 

followed by a rapid sequence of ectopic bea ‘ d by ventricular fibrilb- 
patlmlogical fatigue of the ventricles which may be folio of m , iea rt 

tion. Ventricular fibrillation is an extremely hazard ireuIation a „d death of 
and is usually accompanied by immediate collapse of tl ^ circulat ion 

the patient. This phenomenon explains the secondary P reguscitation 0 f an 
often seen following what has apparently been a sue puncture be made 

asystolie heart. It is suggested, therefore, that the mtra ardiae punct.^ ^ 

into the right auricle instead of into the ventricles as i ^ a sl igbtly 

auricular puncture is not difficult and may be per o ^jjj r d inter- 

curved needle four or more inches long which may be ins toward the mid- 

apace at the right sternal margin. The point Simula b. ; f al». 
line and to the patient’s back. The distance to ie t g aut ], or points out 

four inches or less, in children about two inches or es . ‘ position, since 

that the danger of injuring the larger vessels is not gre. 

they lie above and below this point. _ . ^, e ventricles. 

The auricles are more responsive to mechanical stimula ion i The region 

A mere prick of the needle may be sufficient to xmtiate ^contraeti ^ ^ aI)d 

of the right auricle reached by the needle is m gen * spread over n more 

extrasystolic contractions arising from this location would sprea 

norma! pathway than from any other location. hvthmia, auricular 

The sequential development of rapid auricular extrasys o far as the 

flutter, end dually fibrillation mny not be of spem 
ventricular output to the circulation is concerned, since the p 
logical block slows the ventricular rate. . th t i lflt occurs 

Intra-auricular puncture should be attempted m every m resusc itation are 

as the result of tbo asystolie heart. The »ths oeeurrioE »« 

those not affected by general or eard.ovasenla, d.sease. 
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the operating table after hemorrhage,- procedure, 
tions like status iyinphaticuj prornp ies ^“ ‘ ffieasOTes> suc h as artificial respirn- 
either alone or combined mth other Me sot g ■ ilv its prompt 

tion, transfusion, etc. In asphyxia neonatorum, it maj be specrtre P 

initiation of automatic contraction of the heart. 

The author describes nine eases which have been resuscitated by this method. 


Blotner, Harry: Coronary Disease in Diabetes Mellitus. New England J. Med 
203: 700, 1930. 


This paper presents a clinical study of 35 fatal cases of diabetes with coronal} 
artery disease. Coronary sclerosis was found to occur in about 45 per cent of al 
diabetic cases brought to necropsy in the Peter Bent Brigham Hospital. The inci- 
dence of coronary disease is greater in diabetics than in nondiabet.es, since it 
occurred in only 21 per cent of the nondiabetie group of patients above the age 
of forty years who were examined at autopsy. 


Ten of the diabetic patients bad no symptoms referable to the heart before they 
entered the hospital for the last time. Twenty-five had more or less significant 
cardiac symptoms from several months to ton years before they came under 
observation, but most of them entered the hospital for varying complaints which 
were not related to the heart. The chief . cause of death in 43 per cent of all 
this series of diabetics was directly attributable to heart disease. 


Cardiac infarction caused death in 10 per cent of 77 fatal diabetic cases and 
in 23 per cent of 35 fatal diabetic cases with pathological evidence of coronary 
sclerosis. Cardiac infarction is not an uncommon complication of diabetes and may 
be masked by the clinical picture of diabetic coma. Death from cardiac infarction 
occurred in three cases shortly after a rapid fall in blood sugar concentration fol- 
lowing the administration of insulin. 

The authors point out that due importance must be attached to the condition 
of the circulatory system in order to obtain the best therapeutic result in diabetes. 
A sudden lowering of the blood sugar concentration by insulin may be dangerous 
for the elderly diabetic patient with vascular disease; such a patient is likely to 
have sclerosis of the coronary vessels as part of generalized arteriosclerosis. The 
sudden lowering of blood sugar level by insulin may induce coronary thrombosis with 
a fatal outcome. 


Kaiser, Albert D.: Results of Tonsillectomy. A Comparative Study of Twenty- 
Two Hundred Tonsillectomized Children With an Equal Number of Controls 
Three and Ten Years After Operation. J. A. M. A. 95: S37, 1930. 
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Lennox, William <*., and Leonhardt, Ema: The Oxygen and Carhon Dioxide Con- 
tent of Blood From the Internal Jugular and Other Veins. Arch. Int Med 46' 
630, 1930. ' ‘ ' 

In a large series of patients the authors have measured the oxygen and carbon 
dioxide content of the blood from an artery and from various veins. The gaseous 
content of blood from the femoral vein was found to be the same as that of blood 
from the cubital vein. In sharp contrast blood from the internal jugular vein was 
more reduced and blood from the external jugular less reduced than blood from a 
cubital vein. These statements are true for average values. Measurements for 
individual patients vary widely. 

In a series of 51 patients the average corrected respiratory quotient for blood 
from a cubital vein was 0.84 and from the internal jugular vein, 0.9. More 
sugar disappeared from the blood in its passage through the brain than in its 
passage through the arm. The former of these observations suggests that in the 
metabolism of the human brain, carbohydrates are unusually important. 


Hurxthal, Lewis M.: The Appearance Time of T-Wave Changes in the Electro- 
cardiogram Following Acute Coronary Occlusion. Arch. Int. Med. 46: 657,1930. 

Two cases are reported in which records were obtained before and after 
coronary occlusion. Case 1 showed upright T-waves in all leads one hour after 
the onset of the attack, later followed by depression, whereas the record six days 
before the attack showed an inverted T-wave in Lead I. Case 2 showed a distinct 
but not diagnostic change one hour and fifteen minutes after onset. 

The author points out that single tracings made following acute coronary oc- 
clusion may appear normal or if abnormal are of little value unless previous tracings 
have been taken or later records are obtained. At present one must rely on clinical 
diagnosis rather than on the electrocardiogram in an emergency in which surgical 
measures are concerned. It is suggested that electrocardiographic observations he 
made at more frequent intervals following acute coronary occlusion; such ob- 
servations may prove of distinct value in diagnosis. 


Palmer, Bobert Sterling: The Treatment of Essential Hypertension. New Eng- 
land J. Med. 203: 208, 1930. 

The author summarizes various treatments that have been proposed for tins con 
dition. The astonishing number of favorable reports on the use of a large van 
of drugs and other forms of treatment in hypentension is an indication that 
rigid criteria for the clinical evidence of a hypertensive effect must he met. 
author suggests, therefore, that the following criteria might be useful m ^ 
clinical estimation of hypertensive action of any given therapeutic measure. 
is only by satisfying some such minimum requirements as these that an a ^ 
clinical evaluation may be made and the results of different investigations maj 
compared. _ ^ 

(1) Each observation shall consist of at least ten successive determinations^ 
systolic and diastolic pressure at one-minute intervals, the same type of ms ru 

to be used at each observation and the patient to be in the same position. 

(2) On the whole, it appears advisable that this type of investigation be 

out, when possible, on ambulatory patients, exposed to the daily nervous 
ments which the unhospitalized person must meet. The question o P re im 
rest may be optional, provided it be always the same. before 

(3) Two or more, preferably more, weekly observations shall he made 
starting treatment. 
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(4) A fall in the average of the ten readings at successive ^.tssloud 
demonstrable after a period aliened for the full effect of the treatment * and th s 
effect should be maintained at two or more further observations. The patient 


should be under treatment for four to six necks. 

(5) The treatment shall then be omitted and a rise in blood pressure shown 
after ample time has been allowed for the effect of the procedure to have abated. 

(6) Finally, a second hypertensive effect of the treatment should again be 


demonstrable. 


Stieglitz, Edward J.: Bismuth Subnitrate in the Treatment of Arterial Hyper- 
tension. J. A. M. A. 95: 842, 1930. 

The author proposes the use of bismuth subnitrate in the treatment of arterial 
hypertension. He has observed the results obtained in two hundred unselected cases 
of hypertensive arterial disease and one hundred and twenty cases of hypertension 
in pregnancy and believes the results are satisfactory. The action of the drug 
is due to the fact that it is sparingly soluble in the intestinal tract, small amounts 
of nitrate ions being liberated continuously whicli on conversion into nitrous 
oxide by Bacillus coli leads to gradual vasorelaxation. 


Weiss, Soma, and Ellis, Laurence B.: The Rational Treatment of Arterial Hyper- 
tension. J. A. M. A. 95: S4G, 1930. 

The authors believe that in a small proportion of cases the blood pressure will 
return to normal and the symptoms will disappear either permanently or for a 
prolonged period of time following the institution of approved methods. Such 
remission in the case of arterial hypertension may, however, occur spontaneously, 
and these individuals should live well-regulated lives and be followed carefully. 
In the second group, there will be some lowering of the blood pressure, although 
not to a normal level with accompanying subjective improvement, and some checking 
of the progress of the disease. A third and larger group of patients will show no 
material lowering of the blood pressure, but their symptoms will be lessened, and 
they will he enabled to live more comfortable lives. In certain of these by the 
careful regulation of their mode of living acute cardiovascular accidents will be 
averted, and to that extent their lives will be prolonged. The remainder, in par- 
ticular many of the cases of malignant hypertension, will progress inexorably \m. 
parently uninfluenced by therapy, to a fatal termination. ’ ’ ‘ 1 
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Li Tuberculose Cardio-Vasculaire. La Coeijr des Tuber culeux. Bt Adrien Pic, 
and Leon Morenas. Gaston Doin, Paris, 1930. Pp. 26S of text 'with 15 figures 
and 4 color plates. 

The text is divided in three parts. Part one opens with an extensive discussion 
of tuberculosis of the pericardium, then takes up in order tuberculosis of the 
endocardium, valvular lesions of tuberculous origin, tuberculosis of the myocardium, 
idiopathic cardiac hypertrophy and its possible tuberculous origin and congenital 
lesions of tuberculous origin, altogether 131 pages. These various subjects are 
skillfully handled. The value of pericardiotomy for pericarditis is discussed as a 
satisfactory method of treatment. A satisfactory discussion of the diagnosis of 
tuberculous pericarditis is presented, including roentgenographic examination both 
without, and before and after, air injection in the pericardium. Tuberculosis of the 
cardiovascular system is not of common occurrence in the United States, though it 
is occasionally seen and is more often overlooked, either by failure to recognize 
the tuberculous nature of the pericarditis or by failure to recognize the pericarditis 
during the course of heart disease or tuberculosis. The condition must occur moTe 
frequently in European countries, however, since many ease reports are included m 
this discussion and since it is known that other forms of more extensive and massive 
tuberculosis occur in continental Europe. This is particularly true of children and 
adolescents with large mediastinal abscesses, massive pulmonary and bone tubercu- 
losis. 

Part two discusses the heart of the tuberculous patient. Two important symptoms 
shown by these patients, palpitation and tachycardia, and their differential diagnosis 
are discussed. The physical and anatomical modifications of the heart receive 
deserved attention. Chapters on cardiac insufficiency in tlie tuberculous patient 
and combined heart disease and pulmonary tuberculosis are included. 

Part three is concerned with tuberculosis of vessels, both arteries and veins, 
followed by a general resume of the place of tuberculosis as compared with other 
infections of the cardiovascular apparatus. A very extensive and complete bibliog 
raphy concludes the text. The book is well arranged, the discussions are clear, an 
complete and satisfactory diagnoses and illustrations aid the reader in following 
the subject. “While the field of usefulness of the hook will be limited somewhat bv 
the extent of the subject, it makes a most satisfactory addition to those who are 
interested and have occasion to observe such patients. 

H. McC. 

Herz, Pulsation und Blutbewegung. By Ur. Georg Hauffe. 246 pages, vitl 
9 illustrations. J. F. Lelunanns, Munich, 1930. 

Periodically a new volume is added to that small class of hooks which ~cc ^ 
upset orthodox conceptions in science and to replace them by revolutionary ^v ^ ^ 
supposedly far-reaching significance. The book attempts to do this in be ia o 
heart and circulation. . 

The editorial technic common to such endeavors is followed: Current vie 
not squarely treated, and the evidence accumulated in their support is 
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a new hypothesis can 
II lew 


ot 

irrelevant observations on known physical principles. 

Two radically new conceptions are developed: . 

(1) The rhythmic sequence of the heartbeat is conceived as due to n>cdiamca 
properties of 'the elastic cardiovascular system rather than 

building and discharge of an "inner stimulus .» The tempo ^ the eaTtbeat is 
not given by impulses formed in and discharged by the sums node bu is tot Jo 
a moyement externally transferred from the peripheral cireuln ion to the o. rdme 
muscle. The sinus node receives excitations; it does not initiate them. Imtmt.on 
of stimuli occurs in tl.e peripheral vessels as a result of vascular changes m 
sufficiently diffused regions. 

(2) The heart and pericardium acting together form a combined force and 
suction pump operating somewhat after the following manner: Contraction of 
the ventricles expels blood into the aorta. This would dilate the aorta and raise 
the pressure during systole, as is commonly believed, but tbe author claims to 
have made the discovery that the size of the aorta becomes smaller and the arterial 
pressure falls during systole. This is explained as follows: Contraction of the 
ventricles in a pericardial sac of constant size serves to unfold the auricular nail, 
thereby enlarging its cavities. This creates a suction which draws blood into tbe 
auricles. But this is not all. The suction component is propagated peripherally 
through the veins and capillaries to the large' arteries. When, on the other hand, 
the auricles contract, they fill the ventricle not, only by the pressure created within 
hut through the negative cxtraeardiac pressure developed without. Lengthy ex- 
planations arc given to prove that the feeble auricular contraction can indeed 
develop powerful effects and that the contractions of the auricular appendage deter- 
mine the proper direction of the blood stream. 

The critical reader who hopes to find the experimental proof for these revolu- 
tionary conceptions or even a logical set of arguments in their favor is doomed to 
disappointment. The theories are apparently based on certain physical experiments 
and clinical studies of the author. The former comprise the observations— which 
have apparently escaped all physicists— that increased velocity of flow decreases the 
diameter of elastic tubes. Furthermore, the author found that with a suitable 
velocity a rapid series of expansions and constrictions can be produced and made 
to travel over elastic tubes. By varying the velocity of flow, the frequency of such 
periodic disturbances can be changed, and even irregularities in rhythm can be 
inaugurated. These mechanical principles arc supposed to be duplicated in the 
circulation. 

The clinical observations seem to consist of the x-ray findings, that augmented 
minute output and increased blood flow cause a diminution in the aortic shadows 
and a fall in blood pressure. From this the author apparently leaps to the corollary 

. t lC ® Ize f , tllc aort,e and artcrial Pressure must decrease during svstolc. The 
reviewer has looked m vain for direct proof of this assumption. 

The author is modest in his assertion that the work of Ilarvev is not completely 
upset by las hypothesis but is merely given a more far-reaching significance! ' 

C. J. 7F. 

, a — . * *»>•* 

and Wilkins. Company, Baltimore, 1030. ° l " S aUgu,cs Blsho lb Jr. Williams 

This monograph is devoted to the presentation of +i „ i . 

disturbances of the heartbeat are the result nf f - 1 1 ^ ° tiiesis that most of the 

specialized cardiac tissues. i the enrlv e 7 T * bl ° 0d fl ° W the 

the early chapters there is an account of the 
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technic of electrocardiography and a detailed description of the anatomy of the 
tissues mentioned "with special reference to their blood supply. 

The sino-auricular node is referred to as the “aurieulonectoT,” and the atrio- 
ventricular node, the His-bundle and its brandies, as the “ vent riculonec tor.” The 
author believes that the former controls auricular, the latter, ventricular activity. He 
does not believe that the ventricles respond to the auricles, but thinks that the 
normal sequence of auricular and ventricular contraction is dependent upon a 
coordination of the activities of the two “ eardioneetors ' ’ brought about by the 
manner in which they are supplied with blood. 

All of the common disturbances of the heartbeat are interpreted in terms of the 
hypothesis referred to. The evidence offered in support of this view is meager 
and unconvincing. 

As an example of the views expressed regarding these disturbances, consider the 
following explanation of the abnormality of the ventricular complexes written by 
ventricular extrasystoles. Ventricular extrasystoles are premature heats but not 
ectopic beats; all ventricular beats originate within the “ventrieuloneetoT.” In 
certain cases a premature beat is associated with a deformed complex because it 
occurs at a moment when the myocardium is not “normally relaxed.” “The ven- 
tricle in particular, the cavity most often interested, is surprised in flagrante delicti! 
by tiie activity of the cardionector affecting it again and prematurely, and its 
new contraction will not be ‘harmonious.’ ” Few will find this explanation pref- 
erable to the one now generally accepted. 

The book may be recommended highly in some respects. It is excellently bound, 
and is printed in large clear type, on very good paper. The electrocardiograms 
are well reproduced; they are all legible, and all appear to be right side up. t 
seems fortunate that the book has been published in a limited edition. The appear 
ance of the title page would seem to imply that the translating of a book is a 
much more important task than the writing of it. 

F. N. ff. 

Ceinicae Features of Heart Disease. By Leroy Crummer, M.D., Emeritus 

Professor of Medicine, University of Nebraska. 415 pages, Paul B. Hoeber, 

Inc., New York, 1930. 

In the second edition of this book the scope has been somewhat broadened In 
the addition of chapters on “rheumatic endocarditis'” and “subacute bacteria 
endocarditis."* ’ The book remains essentially a clinical presentation, with emphasis 
on certain personal views of the author which in some instances have not jc 
gained universal acceptance. On. the whole, however, it is an interesting aw 1 
struetive volume which deserves the popularity it seems to have attained. 

t. s. n- 
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Rochester, Minn. 

INTRODUCTION 

'"THE study of peripheral vascular disease lends itself to instrn- 

and tends to become a more exact science. 

, h V desm m modm ' medicine for mathematical precision, it is 

nllT *° , l i eC T“ a f limitations »»« fallacies of the methods »p. 
lied, as well as then- advantages. Unrecognized phvsiolo-ical varin 
‘.ons may nullify w,mt appear to be va.nable pathiogical date 

. . , ,. 3 P” 4 ot ,ius investigation deals with organic oeclnsive 

arterial disease (chiefly thromboangiitis obliterans) I T T , 
sympathetie ganglioneetomv. The import ce If eli , f * ° f 

examination and the well-i-eeoJ U , , cl,mcaI '" stor - v and 

emphasized. Nevertheless much ^ " ,VI tests eannot be over- 
methods of elucidatin'" the' s ate “ Sti " kft f ° r “«* »* a ct 

procedures, C»« s 1“ ! f ‘ 1Se!,Se a11 ' 1 ^uJts of certain 

ing peripheral »£ stndy- 

perature and oscillometry Brown 1 nsiuement of surface tern- 

method, and its eomparativf™ tae “ ’’"T 1 «* "*» of the fh„. w 

of digital examination are considered 4 ' antages and disadvantages 
ot the Tycos and Pachon * ™rits 

on similar aneroid principles, and record H mS nmmts »w made 
m arbitrary units. In the c)ata ; . ' amplitude of pulsations 

ments are expressed in mill! meters and t ,! V f 6 *' ** Tyeos 
foiauer instrument furnishes a permanent m hlJf -™ i ts. The 

atter, the measurement must be noted it the p 5 ’ ^“1 the " se of thc 
fussed numerically by the obserL I" °* and 

«* - —a H« W . «“ 

of <*«» E, Brown" ^ 

' D,V1S10n of Medicine. Tho 


309 





310 


the AMERICAN HEART JOURNAL 

femoral, popliteal, posterior tibial, and dorsalis pedis arteries are pal- 
pated. It will be seen later that the different methods employed 
change their relative values when applied to different aspects of the 
problem and that they must therefore be considered under several 
headings. Although this work was commenced as a purely technical 
study with the advice and help of internists and neurologic surgeons 
of The Mayo Clinic, it has been found possible to observe and analyze 
several interesting and fundamental phenomena of physiological and 
pathological significance. 

Aftei some experience the digital palpation of superficial arteries 
offers no special difficulty. Occasionally pulsation in the warm fingers 
of an observer may simulate pulsation in the patient. The pulsation 
of a posterior tibial artery may not be obvious in a cold room and yet 
may be quite easily made out in a warm one. Palpation of an artery 
in a case of throinbo-angiitis obliterans by a previous observer may 
produce a temporary spasm which leads to an erroneous impression. 



Hig-. 1. — a, b, Variation in record of pulsations at the calf obtained by moving bag 
laterally ; c, d, e, f, variation in pulsations at the ankle in different normal persons. 

Even apart from these more obvious factors, it is not impossible for 
trained observer's to differ, and to feel the need for the confirmation 
of digital impressions. 

In using any form of oscillometer it is advisable to mark the exact 
site of measurement. The following sites may be taken: (1) femoral 
triangle; (2) immediately above patella; (3) immediately below pa- 
tella; (4) 5 cm. below patella; (5) 10 cm. below patella; (6) 15 cm. 
below patella; (7) just above ankle, and (8) foot. In many eases 
measurements above the knee can be omitted. They tend to be less 
constant in view of the bulky musculature, and it is difficult to reappb 
the bag at the same site as before. Below- the knee, a constant posi- 
tion in the horizontal axis or circumference of the limb is more easily 
attained. This can be done by placing the rubber valve connections 
along the anterior border of the tibia. There are two sites where lalse 
readings may be registered: (1) just below the patella, owing to t ie 
irregular contour produced by tendinous insertions, and (2) at >c 
calf, owing to the large musculature. The latter is particularly vc 
shown in Fig. 1 a and b. Both tracings were made 10 cin. belon w 
patella, and the increased amplitude of the tracing shown in Fig- 
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was produced by shifting the pneumatic bag ^h e 

This is the preferable point of application at Ibis p.utieul.u s t . 
readings at^he lower border of the patella often appear to be reduced 
both in blood pressure and amplitude of pulsation and arc thus some- 
what anomalous. Five centimeters below the patella and .lust aiot 
the ankle joint are convenient sites in the leg to be used as a i outn c. 

For the measurement of pulsation in the foot, palm, and fingers, it 
is advisable to use special pneumatic bags which can he connected to 
the Tycos apparatus. The blood pressure recorded by the narrower 
pneumatic bag is, for mechanical reasons, considerably higher than 
that obtained with the larger bag usually employed, and therefore is 
not recorded in the tables. For similar reasons the amplitude of 
pulsation at the same site would be relatively higher with the smaller 
bag, but this is not obvious, owing to the smaller caliber ot the vessels 
in the distal regions mentioned. These measurements made at the 
more peripheral points of the limbs will he seen later to be of very 
great significance. 

Table I 

OSCILLOMETRIC AND SPIIYGMOMANOMETRIC VALUES FOR A NORMAL ADULT* 


SITE 


Femoral region 
Above knee 
Popliteal region 
Below patella 
5 cm. below patella 
10 cm, below patella 
15 cm. below patella 
Ankle 

Posterior tibial region 
Dorsalis pedis region 
Foot 

Brachial region 
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In Table I are recorded a series ol values for a normal adult. 1 
will be seen that the oscillometrie 'values correspond as far as relativ 
values are concerned. The blood pressures registered by the Pacho 
apparatus tend to be higher than the real values. This is a nurd 
mechanical factor and is of no particular significance when once re, 
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or average values. In Fig-. 1, tracings d, e and / represent readings at 
the ankle in tluee separate adults about thirty years old, with no vas- 
cular abnormality. Tracings e and / were those of normal physicians 
and tracing d that of a patient with chronic gastric ulcer. The marked 
differences in the three are obvious. In the same figure, tracings c and 
cl represent readings at the same site and of the same patient, bat 
taken a few minutes apart. This rapid variation is unusual, and the 
small initial amplitude may possibly be due to emotional vasocon- 
strictor impulses. It is a potential fallacy that should not be ignored. 

It is now possible to consider particular eases which reveal not only 
the correspondence or supplementary nature of the different methods 
of investigation, but also the relative advantages and disadvantages. 
The first study will be limited to an analysis of the exact severity of 
the disease, the degree and site of occlusion, and the degree of com- 
pensatory circulation. 

DISCLOSURE OP SEVERITY AND SITE OF THE OCCLUSION 

The following- five cases are examples of thrombo-angiitis obliterans. 

Case 1. — A man, aged 47 years, 2iad claudication at the arch of the left foot 
and ulceration of tlie fifth toe of the left foot. Digital examination (Table II) 
revealed good femoral pulsations on both sides, but complete absence of pulsation 
below the left knee. Oscillometry indicated very poor pulsations below the left 
knee and none in tlie left foot. The temperature of the left foot was also ion. A 
methods indicated that the right leg was comparatively unaffected. 

This case illustrates correspondence in results of different methods. 

Case 2. — A man, aged 38 years, had suffered from intermittent claudication of 
the calves of both legs for seven years. Two years before lie came to the clinic the 
big toe of tlie right foot had been amputated elsewhere for gangrenous ulceration. 



Fig. 2. — Quantitative diagnosis by oscillometric tracings in Case 2: a, right ankle, 
right foot ; c, left ankle ; d, left foot. 


Healing had been obtained only after two further amputations, the latter o v 
was through the head of the metatarsal bone. Subsequently the right oo ^ 
given no trouble, but at the time of his visit to the clinic the second toe ^ 
left foot was painfully uleex-ated. Digital examination indicated complete a sc 
pulsation in the posterior tibial and dorsalis pedis arteries of both feet, r0 ”^ nCi 
it might be concluded that both extremities were potentially in danger o 6*^ f 

This was not so. Oscillometric studies at the ankle gave evidence o ' • ^ ^ 
pulsations on the right side (Dig. 2 a) and good pulsations on the e ^ m0 ^ rn tc 
In the foot, however, the position was quite reversed; pulsations wcr ® 0 g J). 
amplitude in the right foot (Dig. 2 h) and completely absent in the e 
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The right foot had been in greatest danger initially; the main arteries were oc- 
cluded as far up as the calf. This foot, however, was now well nourished by the 
development of a collateral circulation as shown by the use of the small pneumatic 
bag, and was not likely to suffer from trophic trouble. The left' foot, on the 
contrary, was threatened with gangrene and the vessels were occluded just above 
the internal malleolus. 

It is obvious that in this case digital examination alone might give 
an incomplete and erroneous impression. This would also be true of 
oscillometric measurements limited to the ankle. 

Case 3. — A Roumanian Jew, aged 25 years, had a history of recurrent super- 
ficial phlebitis of the left leg over a period of seven months. Evidence of recent 
and organized superficial phlebitis could be seen on the ankle and leg. Oscillometry 
revealed very good pulsation at the ankle and foot. Digital examination, how- 
ever, revealed complete absenee of pulsation at the site of palpation of the 
posterior tibial artery, behind the internal malleolus. The association with recur- 
rent phlebitis rendered the diagnosis of localized thrombo-angiitis obliterans almost 
certain. 

This ease illustrates the importance of digital examination. 

Case 4. — A man, aged 34 years, had suffered from intermittent claudica- 
tion of the left calf for one year, and from coldness and numbness of the left foot 
for eight months. The popliteal, posterior tibial, and dorsalis pedis arteries in the 
left leg were closed and pulsations were not recorded at the ankle. The right leg, 
however, was apparently unaffected, and all the vessels were open. Nevertheless, 
the surface temperatures of both feet were approximately the same, 29° C., and 
they gave no indication as to the true state of affairs. After lumbar sympathetic 
ganglioneetomy, the temperature of the right foot was 35° C. and that of the left 
foot, 34° C. 

This case illustrated the inadequacy of surface temperatures for 
diagnosis. In the majority of cases the surface temperature of an ex- 
tremity, in which the main vessels are occluded, is lower than that of 
the sound limb. In these cases surface temperature is of diagnostic 
value. Apart from the numerous environmental factors which ma> 
obscure the significance of a single reading of surface temperature, a 
very important factor is the superimposed or primary effect of a 
vasoconstrictor element that may involve both limbs. This may len- 
der differentiation by readings of temperature impossible. 

Case 5. — A man, aged 43 years, had suffered from cold feet for several years. 
Five months before he came to the clinic the fourth toe of the left foot became i 
fected and gangrene developed. Amputation at the base of the toe was success 
the wound healed. For one month the third toe had been persistently "Icera ^ 
The fourth toe on the right foot was cyanotic. On digital examination a 
vessels appeared to be open, and this was confirmed by -oscillometn , a 
pulsation was obtained even in the foot. Surface temperatures of J>e oe ^ ^ 
all approximately 27° C. Postural tests disclosed slight pallor on elevation 
left foot, but no other changes. , ^ 

Against the possibility of a purely vasospastic disorder "ere the f°H ^ cn py 
tors: the patient was a male; the gangrene of the left fourth toe "as 
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occur in normal persons, and the test Is apparently more sensttm 
pendency postural test, which was negative in this ease. 

This ease illustrated the occasional fallacy oi all methods. In ( ,ts< s 
of patients who present themselves with symptoms or signs of organic 
occlusion of the arteries of the extremities, il is usual to find the main 
vessels involved. On this fact detrends the importance of digital 
examination and of oseillometric determinations. If. however, at the 
time of examination, the digital arteries alone are affected, stteh met In 
ods will give results which in themselves might lead to a fallacious 
conclusion. 

The Pressure Gradient . — If determinations of blood pressure are 
made at the sites at which amplitudes of pulsation are recorded, it will 
be observed that with partial occlusion of large vessels there is a rela- 
tion between the blood pressure and the amplitude of pulsation at any 
given point. In thrombo-nngiitis obliterans, or arteriosclerosis with 
occlusion, the amplitude of pulsation tends 1o diminish from the knee 
downward toward the ankle. Coincident, with this is a corresponding 
fall of blood pressure, and this might he termed “the pressure gradi- 
ent.” It is in striking contrast to the measurements in a normal per- 
son, in whom the pressure below the knee is approximately constant, 
down to and including measurements at. the level of the ankle. Above 
the knee, even in a normal case, there is, however, some increase in 
pressure associated with increased size of arteries. 

Fig. 3 shows the pressure gradient and amplitudes of pulsation in a 
case of arteriosclerosis compared witli corresponding values for a nor- 
mal person. The data given in the preceding eases of thrombo-nngiitis 
obliterans disclose the same phenomena. 

The Occult Blood Pressure.— If no record of pulsations or of blood 
pressure can be obtained at the right ankle, this does not. necessarily 
mean that there is no blood flowing through the large vessels at this 
point. If the foot is blanched by elevation, and the pressure in a p„eu- 
•iatie bag around the ankle is raised above the anticipated nirmal 
] essuie, then when the limb is lowered to the horizontal position and 
the pressure m the bag is gradually decreased by 30 mm. at intervals 
Of two minutes, a point will be reached at which the foot is seen in 
become red. This indicates the pressure tint, is , 1 , 7 ! 

suppress the flow of blood to the foot at the r ' * e(]Un1 ° to 

ankle, and might he termed the “occult blood ])reiure^ ,MU ' e,Uen,> ^ 
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Comment . — The value of oscillometry in quantitative diagnosis of 
peripheral vascular disease is considerable. Quantitative diagnosis 
infers the complete elucidation of the exact degree and site of the 
disease. The Paehon apparatus and the Tycos apparatus are both 
suitable instruments, but the latter is of greater value in furnishing 
permanent and indisputable records and in lending itself more readily 
to examination of smaller and more, distal regions. The latter exami- 
nations are often of great significance and may be the key to the 
condition. 



Digital examination is extremely useful and should not be dispens 
with. In skilled hands it may give results as useful as those 
oscillometry, but for the average observer digital examination a 
will not be used with the confidence or certainty with nine 1 
lometry can be employed. Surface temperatures are not o 
value for quantitative diagnostic purposes, although their nnpoi ^ 
in the complete study of vascular disease cannot be oieiempias ^ 
Clinical studies, postural and similar tests, all play an impoi a ^ 
in diagnosis, and oscillometry is not intended to replace, m 
plement, other methods of investigation. 
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la order better to understand the mechanism of vaccine fever, pre- 
liminary studies were made in cases of polyarthritis in which the blood 
vessels were presumably free from organic disease, and therefore not 
limited in their power to respond. 

Arthritis.— From. Fig. 4 and Table III it will be seen that the ampli- 
tude of pulsation both at the ankle and at the foot appears to hear a 
direct relationship to the cutaneous temperature during vaccine fever. 
Although the increased amplitude of pulsation is associated with a rise 
in oral temperature, the correspondence is not maintained; cutaneous 
temperature and amplitude of pulsation continue to increase after the 
oral temperature has attained its maximal value. When there is a 
large vasospastic element, the oral temperature might rise as much as 
2° C. without, at first, anj’- gross change in the cutaneous temperature. 
Then, after five or six hours, with striking suddenness, both the cuta- 
neous temperature and the amplitude of pulsation soar to a maximum, 
as if a controlling mechanism had been abruptly released. 


Table III 


OSCILLOMETRIO VALUES IN A CASE OF ARTHRITIS IN WHICH FEVER WAS INDUCED BY 

the Administration of Vaccine 


TIME 

j TEMPERATURE, DEGREES C. 

j OSCILLOMETRIC UNITS, TYCOS 

ORAL 

FOOT 

ANKLE 

j FOOT 

Before vaccine 

After vaccine, hours 

36.7 

27.7 1 

8 

i 4 

2 

36.3 

26.8 
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37. S 

29.6 
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6 

38.0 

33.7 

10 

5 

8 

38.0 

37.7 

12 

7 


It will be seen from Fig. 4 that in tbe first hour or two following the 
intravenous administration of vaccine there was a correlated fall m 

• Tf 

all measurements. This was associated with a sense of chilliness, 
more frequent measurements are taken, it will be seen in some cases 
that there is a slight rise in cutaneous temperature and in oscillations 
before tbe fall. With larger doses of vaccine, especially in a hypei 
sensitive person, definite rigor may occur and the prodromal phase 
may he much more marked. In some cases the foot becomes Yen 
cold and the pulsation at the ankle and foot may disappear. In ease® 
of arteriosclerotic disease this, in rare instances, may be the cause o 
further thrombosis. It is thus advisable to avoid prolonged i 
Barker has shown the value of typhoid “H” antigen for piocueu ff 
fever with little, if any, chill. 

Some eases of arthritis have a large vasospastic element, and ^ 
these cases the pulsation of the foot or finger before vaccine is 
may be minimal, and the resulting increased amplitude of P u sa 
very striking (Fig. 5). 
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Thrombo-angiiiis OUitcram.—lt lias already been seen Irom the di- 
agnostic studies that cutaneous temperatures are not necessarily an 
indication of the degree of patency or amplitude of pulsation ol mam 
arteries. This is due to the fact that the more immediate regulation 
of cutaneous temperature is the peripheral vasomotor mechanism winch 
affects arterioles. Nevertheless, in many eases occlusion of main ar- 
teries is associated with diminution of cutaneous temperature. These 
considerations are further elucidated by a study ol. oseillometi ie tun- 
ings and cutaneous temperatures during vaccine fever in cases of 
thrombo-angiitis obliterans. 

In Case 4 the left leg was chiefly involved; pulsation in the left 
ankle and foot were absent under ordinary circumstances, and those 
on the right side were good. Observations were made with both small 
and large doses of vaccine. With a dose of 25,000,000 bacilli the oral 



Fig. 5. — Effect of vaccine fever on osclllometric tracing In a case of arthritis* n 
foot before fever ; V, foot in course of fever ; c, anger before fever ; and <( anger in 
course of fever. 






tis owiteiT/s: t HglUfooTbe^re 0 fever dl }r WaM in a cns ? thro.nbo-nngli- 

before fever, ami dfleft foot in coui^e of feve.f ° l ,n courao ° f c ’ lcCt foot 


temperature rose only to 37.2" C, but tl,c cutaneous te.npm.lure of 
tile right foot rose 9.2° C, from 25.6” to 34.8” C. Pulsations at the right 
nl ‘ d n - llt foot (Pl ". 6) were actually doubled in amplitude 

38 9” C tT ° E t 75 ' 000 ' 000 bMilli «* » resulting oral temperature of 
the cutane °us temperature was 34.8° C. There is therefore 
no constant proportionate relationship between oral and 

tion may be constant, with merited 
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If one examines the sequence of events in the left leg- of this patient, 
some interesting points are disclosed. In the first instance, with nor- 
mal oral temperature, pulsation both at the ankle and foot (Pig. 6) 
was completely absent. Yet the initial cutaneous temperature was 
even a little higher than that on the right foot (left, 26.1° C.; right, 
25.6° C.). With fever, the cutaneous temperature rose 9.9° C., almost 
as wide a range as that of the right foot (11.1° C.) ; yet the pulsations 
that appeared at the ankle and foot were minimal (Fig. 6). Thus the 
effect of occlusion of main vessels does not necessarily prevent a con- 
siderable rise of cutaneous temperature ; the latter is dependent on the 
ability of the arterioles to dilate fully, and presumably on the presence 
of adequate collateral circulation. 

In contrast to the case just described, a ease of tlirombo-angiitis 
oblitei’ans (Case 1) will be considered, in which the vasomotor index 
was poor and operation was contraindicated. The left leg- was the one 
affected, and is the one which will therefore be considered here. 'With 
a dose off 125,000,000 bacilli, for the patient was refractory to smaller 
doses, the oral temperature rose 1.8° C. The cutaneous temperature, 
however, increased only from 28.7° C. to 32.6° C. ; the vasomotor index 
was poor in this limb, namely, 1.2° C. The minimal pulsations at the 
ankle were hardly affected by the vaccine fever, whereas those at the 
foot were persistently absent. It is not uncommon for a poor index 
to be associated with persistent absence of pulsation in the foot, even 
at the height of fever. The latter, however, is not of absolute prog- 
nostic value, for a relative increase of cutaneous temperature may he 
obtained in the persistent absence of pulsation in the foot. It may he 
said, however, that under these circumstances the postoperative tem- 
perature of the skin rarely attains values greater than about 32.5 0- 
and is more often less than that. On the other hand, in the presence 
of good pulsation in the foot, at the height of fever, the postoperative 
surface temperature probably will be in the neighborhood of 34 C. 

Comment . — The foregoing studies indicate the role of oscillome ij 
in determining the potentiality of arteries to dilate. When an aitei} 
is capable of dilatation, there is usually a relationship between tern 
perature of the skin and amplitude of pulsation; this is much moie 
time of the foot than of the ankle. The presence or increase of pulsa 
tion in the foot at the height of fever is of some prognostic value as to 
effects of gang'lionectomy. Oscillometric measurements during ftp®* 
give some indication as to the potentiality of arteries to increase t ion 
amplitude of pulsation. Studies of surface temperature are heie o 
greater prognostic significance than oscillometric measurements. 

VASCULAR STUDIES IN RELATION TO LUMBAR SYMPATHETIC GANGLIONECTOM1 

Direct Study of Vasomotor Mechanism . — If an increase in amplhmk 
of pulsation of peripheral arteries is to be considered as a P oss ‘^ 
therapeutic index, it is important to determine whether direct pat a . 
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sis. or stimulation of a vawmn+m. 

Loca! anesthesia of the T' “*“•* 

temperature in the little firmer and verv i Produced a rise of 

amplitude of pulsation of the digital arteri tM^- T" “ t,le 
results were obtained in the foot and ' , , 8 ‘ ' " sr " h >- Similar 
anesthesia. Mechanical stimulation of the f n ^ tT f “ ^° lloWill » s P inal 
man, during- operation, produced marl-ed f r Iu “ bar ganglion in 
oj pulsation at the foot and at th“ ^8 ’°Ld » 
eluded that vasomotor nerves nn d Xt ls eon - 

of peripheral arteries. ' ° * ie am P lltllde of pulsation 
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The complete severance of vasomotor nerves in these eases ivas 
shown by negative sweating tests. It is therefore concluded that heat 
and cold can probably act directly on the arterial wall. 

Instrumental and Palpatory Methods . — Many workers in the field of 
peripheral vascular disease have cited increased amplitude of pulsa- 
tion at the ankle as evidence in support of the value of a therapeutic 
procedure, medical or surgical. The failure to increase this amplitude 
similarly has been tacitly accepted as a negative or adverse result. It 
was therefore important to estimate accurately the value of oscil- 
lometry as a therapeutic index. The evidence obtained and considered 



fully indicates that the assumptions just mentioned were o en 
justified and took no account of numerous physiological vaua 
Oscillometric measurements in the foot, however, are of some ie < 
value. Surface temperature will be seen to be of the gieates 
tance in estimating the effect of therapeutic procedures. 
is usually recognized that surface temperatures must be t.a veil u ^ 
standard or controlled conditions, oscillometric measiuemei 
nearly always recorded with complete disregard of such ne ois ^ 
Physiological Variations .— Oscillometric measurements m ank e, 
and arm have been taken at intervals of approximately tue ? .p ace 
throughout the day and night, and simultaneous readings o 
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temperature, room temperalun', mouth i.^^iirpn'iph- 

— r "i..' J.« ^ ...... ..«« 

lumbar sympnthdm panpitawela^. The " 

similar in all cases; snrlacc temperatures were tal.eu all. , n 
had been exposed In the. atmosphere ol the room or Ion mm -• ^ 
The results in a normal adult are <n\rn in 1 ahh < 
from which it will he seen that, there is considerable variation in the 
amplitude of pulsation. The factors entering into this variation an- 
complex and do not. appear to lend themselves to exart analysis. It is 
obvious, however, that the unqualified statement ol a preoperative 
oscillometrie value is meaningless and does not offer any standard tor 
subsequent comparison. The variation in the amplitude of pnlsatmn 
is not constant for all persons, any more than do hourly readings of 
blood pressure {rive constant, curves in all eases, or even for the same 
patient on successive days. Nevertheless in the eases investigated. 
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the tendency to diurnal variations manifested itself. Pulsations in 
the foot appear to have some relationship to the surface temperatures, 
although this is not, necessarily the case. Pulsations at. the ankle are 
seen in Pig. 10 to he somewhat dissociated from the variation in sur- 
face temperature. This is only to be expected, for surface temperature 
!f argely determinc d by a peripheral vasomofer mechanism which af- 
fects arterioles, whereas pulsations of the ankle are probably influ- 

Tabi t v a f T r ?: S 7' hy thc Stiltc oi! 1ha systemic circulation. 
Table \ and big. 11 illustrate observations for twenty-four hours 

gmi?li ° neCt0my iU CR8ft 4 ’ " "“"!*• of 

...... „ _ mm «,,• s:;; 
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Fig'. 11. — Observations for twenty-four hours before lumbar sympathetic ganglion- 
ectomy in a ease of thrombo-angiitis obliterans. 



Fig. 12. — Observations over a period of twenty-four hours, three weeks after ,j )at 
sympathetic ganglionectomy in the same case of thrombo-angiitis obliteran.. u 
from which Fig. 11 was made. 
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eating less variation thronglu.n,. Ibe ,l«r 

including cases of arthritis hut not tnclnc hng an o ' 

arterial disease, indicates that this is usually so, although • . 

™Ins .L>, as marked as in this instance. Control , 
observations made on patients with normal vascular s> sit ms. but 
other lesions such as gastric ulcer, show that there are cmisiderabk 
variations throughout, twenty-four hours. The most sijfnihcniit fu- 
ture seen after sympathetic ganglionectomy is the persistent and * 
most invariable high surface temperature throughout the twenty-imu 
hours. The values are markedly and constantly higher than heloie 
operation, and indicate the extreme importance of suvinec tempera- 
ture as a therapeutic index. Further, this constantly high surface 
temperature has been found to persist in cases in which operation had 
been done five years before. 

By comparing oscillometric readings in Case 4 at similar times of 
the day, it. is seen that there is no postoperative increase in pulsation 
at the ankle; in fact, at many points there is an apparent decrease. 
In the right foot, however, there is a definite and fairly constant, in- 
crease in amplitude of pulsation, and in the left foot pulsations have 
appeared which were absent before operation, except during the vac- 
cine fever that was induced preoporatively. The latter point appears 
to he of prognostic value, intimating not. only a relative increase of 
surface temperature, but an absolutely high temperature, usually 
greater than 32.5° C. It, will he noted that postoperative temperatures 
are almost equal in the right and left: leg in spite of. the marked differ- 
ences in pulsation between the limbs. 

The vasomotor index in this case was good, greater than 2, and the 
temperatures attained in the two extremities during vaccine fever 
were, respectively, 34.8° and 34.9° 0., a close approximation to the 
postoperative surface temperatures. On another occasion, however, 
with a higher dose of vaccine, the oral temperature rose to 40.1° C. 
and the temperatures of the feet to 3{i.7° and 3(5° C., respectively. 
This illustrates the fact, that an oral temperature greater than 38.5° 
or 39 C. may not. ho optimal for prognostic purposes; the surface 
temperatures then may he in excess of their postoperative values. 

The Immediate Postoperative Period ,— During the first, six hours or 
so after periarterial sympathectomy a negative phase* occurs (Leriche) 
m which both the temperature and the amplitude of oscillation are 
considerably less than that previous to operation. This lias been at- 
tributed to irritative stimulation of the periarterial sympathetic plexus 

LniSP** excess Ttheh^mmnnt 18 a „ h P ern * Uvc ,,!,asc - <h "- 

S t0 (. the "reactionary phase” of Leriche bn^TvrnPn vii Ili ls Perhaps 
te Simott t n?L general anesthesia cannot he gnoml iSrther nl M i Crent mechanism. 
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and is followed by a positive phase of recovery and transitory over- 
compensation. Observations were carried out to determine whether 
such phenomena occur with lumbar sympathetic ganglionectomy. 


Table VII 

OSCILLOMETRIC AND SPHYGMOMANOMETRIC VALUES IN A CASE OF THROMBOANGIITIS 
Obliterans Immediately After and Remotely After Lumbar 
Sympathetic Ganglionectomy 



TEMPERA- 

ANKLE 

ARM 



TUBE, 

DEGREES C. 

BLOOD 

PRESSURE 


BLOOD 

PRESSURE 


TIME 





OSCIL- 



ROOM 

TEMPERA- 


1 

ORAI* 

FOOT 

SYS- 

TOLIC 

DIAS- 

TOLIC 

lometric 

UNITS, 

TYCOS 

SYS- 

TOLIC 

DIAS- 

TOLIC 

TORE, 

DEGREES 

C. 

Before operation 

After operation, hours 

1 

3 

7 

10 

13 

Day after operation 
Three weebs later 

36.9 

35.0 

35.6 

36.7 

37.0 
37.2 
37.2 
36.9 

27.5 

29.2 

29.8 

30.6 

30.9 

31.2 

32.6 

31.9 

105 

100 

100 

105 

70 

70 

70 

70 

3 

0.1 

0.1 

0.5 

1 

2.5 

3 

3 

155 

100 

112 

120 

130 

140 

145 

145 

95 

70 

70 

76 

80 

90 

90 

85 

25.2 

24.4 

24.6 

25.2 

24.8 

24.4 

25.0 

25.0 


Table VII gives the data for a case of thrombo-angntis obhteians 
which occurred in a man, aged fifty-three years, w lose u 0 ° 
been amputated some years previously. It is seen t a 1 „ . 

immediate fall in amplitude of pulsation at the left ank e » 

lumbar sympathetic ganglionectomy and disappearance o 1^ 
in the foot; recovery commenced seven hours later. ie ® ‘ g 

of this, however, appears to have been a state of mil s oc ", 
was a corresponding fall of blood pressure and a subnorma o 
perature. This view was further confirmed by the oecuuenc , 
seventh day, of temporary unexplained jaundice associa et ( p s . 

degree of collapse. The pulsation in the ankle again QU5 

appeared, but attained a supernormal value following ^ 

administration of saline solution. The cutaneous em ne <ra- 

always greater than before operation, but theie was a increase 

tive phase since this temperature gradually mcreasec w i t])is 

of pulsation and recovery from shock. Pulsation m n ‘ ‘ or fld . 

case was minimal and did not increase eit ei a er ‘ ture M - a s 
ministration of vaccine. The final postopei a n e ‘ £ 32 ° C. 

31.9° C., as compared with the postvaccinal tempeia fflC . 

Apart from the major influence of shock, there may e a fo 

tor of irritation of nerves, for studies in the °P er ^ nD ]ia was not 
show that severe mechanical manipulation 0 u ^ of pU lsa- 
followed by immediate complete recovery of the a P 

tion. 
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Later Postoperative Period . — Oscillometric studies and observations 
of temperature were carried out. daily throughout the postoperative 
period in a. case of tlirombo-angiitis obliterans in which the patient, a 
man, was aged forty-two years. The disease affected chiefly the left, 
leg-. 

Table VIII gives the essential data. It will be seen that there was 
an immediate negative phase as described in Case 1), but the phase of 
recovery was more rapid. After five hours pulsation .appeared in the 
left foot. This was completely absent before operation except, at the 
height of the vaccine fever. The pulsations attained their maximal 
degree on the first, day and then gradually disappeared on the. seventh 



day. Pulsations in the other r „ 

persistently present. Pulsations it tl ^ ^ f Siuii,ar com ' se > but were 
osoi lometric measurement., on the ° '” 01 ' C va ™ b lc, but 

t"e ultimate benefit „t the JpZJtofF'n'* * 

; 1 is »■ 

seeding 32 5° n A T o posto Perativ e temperature ti 1 pr ° 8 ' nostic 

pci si. stent absence of pu l- 
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sations in the toot, n good eiinical malt ~ 
with relative improvement, m suiinee Umiw • 

temperature in the left toot was 24.2” C., the temporal u 
cine had been given was 32" C„ the vasen ar ,„d« was f Hmt- • 

2 and the ultimate postoperative twnperatme v as 3 ‘ 

cal result was good; an intractable and indolent ulcer hea ed com- 
pletely, and the patient was relieved of pain. Although the fm.il 
temperature was only 31° C., the good vascular index was a reliable 
indication, since the relative increase in temperature was no less lhan 
6.8° C. and the clinical result, was excellent. 

Postoperative Observations in a Case of Arthritis; a Control Study. 
Since the previous study of thrombo-angiitis obliterans was subject 
to the comment that the arteries concerned were diseased, the follow- 
ing case of arthritis is of interest.. The patient was a woman, aged 
twenty-six years, with arthritis in the hands and feet. r l lie extremi- 
ties were cold and clammy, and the vascular index was good. Oseil- 
lometric measurements were recorded at 2:30 p.m. and at. an atmos- 
pheric temperature of 25° C. Tracings obtained at the foot, before 
operation, on the fourth day after operation (temperature 100.2° C.), 
and three weeks after operation, revealed that there was no ultimate 
increase in amplitude, although the preoperative surface temperature 
was 25.8° C., and the postoperative, 30° C. This shows the marked 
superiority of surface temperatures as a therapeutic index and the 
enormous potential variation of cutaneous temperature, with constant 
amplitude of pulsation in the arteries. The amplitude of pulsations 
at the ankle in this case was actually less than before operation. The 
pulse, however, after operation tended to he slightly rapid; the rate 
was 92. 

Comment. — Oscillometry as frequently practiced is entirely useless 
as a therapeutic index. Even with stated condit ions of examinations, 
oseillometrie values at the ankle tend to have a deceptive value owing 
to the difficulty of controlling all the physiological influencing factors'. 
Similar comments are applicable, but apparently with less force, to 
pulsations in the foot. Not infrequently these are persistently greater 
than preoperative values, hut this is by no means necessarily the case 
even with a considerable increase of surface temperature. Amplitude 
o pulsation is most likely to increase in such cases if there is a degree 
of spasm of tlle dorsalis pedis artery prior to operation. 

h T] f 1 + 1 T t<id 7 3lUe ° f oscaiom etry as a therapeutic index is due to 
the fact that the chief action of the vasoconstrictor mechanism is on 

“idtrr- TllG rekaSe ° £ t0miS ° f ** ai derioles 
a far better therapeutic iXT^ofci^ wWch iS 
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SUMMARY AND CONCLUSIONS 

1. The relative value of mechanical methods of diagnosis in periph- 
eral vascular disease is considered. The evidence shows that oscil- 
lometry is of value in determining the presence and amplitude or 
absence of pulsation. 

2. The physiology and mechanism of vaccine fever is considered. 
Its prognostic value is found to be sound, and the vasomotor index 
seems to be the best single method of expressing it. Oscillometry in 
the foot during vaccine fever appears to have some prognostic value. 

3. Stimulation and paralysis of vasomotor nerves affect arteries as 
well as arterioles. 

4. Local hot and cold stimuli affect the amplitude of pulsation of 
peripheral arteries even after sympathetic ganglionectomy. 

5. Results are reported of studies of physiological variation of am- 
plitude of oscillations in normal conditions and in conditions of dis- 
ease, throughout twenty-four hours. The variations are such as to 
render any single reading - of little significance. The vasomotor mech- 
anism can vary independently of amplitude of pulsation ; the latter is 
considerably modified by general circulatory factors. Pulsations at 
the ankle are of little, if any significance as a therapeutic index. Pul- 
sations in the foot are of some value as a therapeutic index. 

6. Surface temperature is easily the best single therapeutic index. 
Af ter sympathetic ganglionectomy surface temperature is found to he 
persistently high throughout day and night. This appears to be true 
for an indefinite period of years. 

7. Oscillometry is of great value in the physiological study of pulsa 
tions in the larger peripheral arteries. 



the clinical significance of compete inversion 

OF LEAD III OF THE HUMAN ELECTROCARDIOGRAM 

Edward P. Bias®, M.D.* and Paul D. White, M.D. 

Bostox, Mass. 

ALTHOUGH inversion of all the deflections (I , QGS, and 1) ‘ 
A Lead III of the human electrocardiogram (Fig. 1) m ; 

encountered, its clinical significance has not Been sufhcientb . pi h - 
ciated. Unlike most electrocardiographic findings, it is one that ; . 
largely escaped analysis and discussion. For comparison it is «> » * 
terestto note that inversion of all complexes in Lead 1 has long boon 



1— An electrocardiogram showing a complete inversion of the P. QRS, and 
T deflections in Lead III. Note the variation of the QRS amplitude in Lead III 
with respiration. Lead I corresponds to the usual normal Lead II. 


recognized as evidence of congenital dextrocardia (Fig. 2), a condi- 
tion almost the reverse of that giving rise to inversion of Lead HI. 

In the Cardiac Laboratory of tlie Massachusetts General Hospital 
ve have encountered an inverted Lead III 115 times in a review of 
electrocardiograms of about 8000 patients, an incidence of 1 in 70. 
'Without definite data as to tlie clinical significance of this finding, it 
has gradually come to be associated by us with a certain type of ’in- 
dividual, most frequently an obese person, or one of a short and 
stocky build. The present investigation was undertaken in order 
to determine what significance, if any, one could attach to this elec- 
trocardiographic finding. 

•M,„„ Fellow, Cardiac Clltt.es an., Laboratory, Massachusetts Concral Hosp„„, 
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Inversion of the P-wave alone or associated with other changes in 
the third lead has attracted the attention of numerous investigators. 
Einthoven, Fahr, and de Waart 1 pointed out that the P-deflection in 
Lead III may be considerably modified by the phases of respiration, 
being lower at the end of inspiration and the beginning of expiration' 
coinciding with the longer pauses of the cardiac cycle and perhaps 
depending upon an increase in the vagal tone at that time. However, 
they caution against attributing these changes entirely to the reflex 
influence of respiration, and add “that a slight rotation of the heart 
about the sagittal axis of the body, as is possible with a deep inspira- 
tion, is sufficient to modify conspicuously the form and height of the 
various complexes.” Wilson 2 has reported several eases in which the 
negativity of the P-wave associated with respiration was ascribed to 



pig- -■ — An electrocardiogram of a patient with congenital dextrocardia sho'n in? 
an inversion of the P, QRS, and T deflections in Head I for comparison with rig. i- 
Head III corresponds to the usuai normal Head II. 


a change in the location of the pacemaker,- the possible occurrence of 
a change in the location of the pacemaker had been previously demon 
strafed by Lewis, idea kins, and White 3 in experimental work on the 
dog’s heart resulting from vagal stimulation. In 1919 Cartel ant 
Wedd 4 presented additional evidence showing the effect of the xagi 
on a change in the location of the pacemaker and an inversion of the 
P-wave in Lead III. Furthermore, by taking leads from the chest 
wall Cohn 3 demonstrated not only that the position of the heart in t >e 
chest has an influence on the form of the electrocardiogram hut also 
that this influence may be far reaching. By rotating the leads mjj 
clock-wise manner he produced an effect analogous to that v 11 
would he caused by rotating the heart to the left and upward, and t ie 
resulting electrocardiograms show left axis deviation with imersio 



™ «"■ — or ' KM> m “ 

* the P- ««d T-wavcs M «„ -**•«» *£ 
in all respects to tliose cneotmtcied in I In 

reporting. c)p() cli „ icill on 100 patients 

In the present stud} lu >' ' . f .1 ^ 0 n,. c tinns m 

whose electrocardiograms showed an ^ fi> . 

Lead III. The average age ^lie grot ^’ ^ eovered 

7^'J^ eonditions. Organic heart 0^. 

al was present in 5a of the patients, a percentage less «... ■ " 

the incidence of heart disease in the eases ro.iltnely eleeOm.atdi 
m-aphed at the Massachnsetts General Hospital (wlneh was W per =• " 
rf the last 100 eases, for example). Such heart disease was. more, e . 
onh- infrequently of considorahle degree. Kvidence ol congestive tail, 
ure usually slight, was noted In II eases, and In patients lmd reeened 
digitalis therapy. Hypertension was present in 33 eases. V mm our 
data it. seems that the presence or absence of organic heart disease is not 
an important factor in the inversion of Lead 111. Tim amount oi left 
axis deviation was usually of moderate degree; in only 17 of Ihe patients 
did it exceed -30° by angle, and in only six - 40' (Tarter. Kiehter, and 

Greene* 5 ). 


T Aiua: I 

The ItEbvrivB Frequency is 100 Casks or Factors Prf.msvosixo to a Transverse 
Position or the Remit Within the Chest 


<> 
n 

l 
t 
t 
t 
t 
A 
A 

Total 72 


Obesity 

Ascites 

Enlarged liver 

Enlarged spleen 

Large (ibromyomn (uterus) 

Eight sided pleural effusion 

Scoliosis of spine to right 

Chest deformity (bulging of left side) 

High diaphragm without obvious cause 
Horizontal position of heart (roentgen ray) 


In Table I is listed the frequency of certain factors, the presence of 
which piedisposed to a rotation of the heart to the left and upward. 
It is seen fxom this table that marked obesity was by far the most, com- 
mon condition found (55 patients), and that in 72 patients (72 per 
cent) a transverse position of the heart was noted ns the result of 
findings which were sufficiently pronounced 1o attract the attention 
of the physical examiner or of the roentgenologist, in routine examina- 
tions, without attention having been previously called to this feature 
of the case. Of the remaining 28 patients in which there was no 
obvious cause for a transverse position of the heart, 24 were well 
developed and nourished, while 4 were thin and of the type in which 
one would expect a vertical position of the heart in the chest Of this 
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latter group there was no evidence of organic heart disease in 3, while 
the remaining- patient had chronic nephritis and hypertension with 
modei'ate cardiac enlargement, chiefly in the region of the left ven- 
tricle. In the group of 52 patients who had a roentgen examination 
of the chest, a high diaphragm was reported by the roentgenologist as 
a well-marked finding in 24 instances, and slight to moderate left ven- 
tricular hypertrophy was noted 41 times. Because of the frequent 
association of factors tending to elevate the diaphragm in this series, 
it is probable that the left ventricular “hypertrophy” noted by the 
roentgenologist was more apparent than real in a considerable num- 
ber of the cases. 

It is of further interest that in most of the subjects with total inver- 
sion of the electrocardiographic complexes in Lead III, forced respira- 
tion may be used as a diagnostic test. The deepest possible inspiration 
usually decreases markedly and sometimes abolishes completely the 
inversion of the complexes; deep expiration, on the other hand, in- 
creases the inversion in these eases but usually not a marked degree. 

A stud}- of the effects that the enlarged uterus in the later months 
of pregnancy may have upon Lead III would be of considerable in- 
terest, and we are planning to follow up this point. Although we 
have already found an inversion of the third lead in two patients who 
were pregnant, electrocardiograms taken after delivery showed essen- 
tially the same finding-. Both of these women were, however, obese 
and of the type in which a high position of the diaphragm is frequently 
encountered. 

From the present study we have found that our earlier impression 
was correct, namely, that the electrocardiographic finding of an in- 
verted Lead III in the majority of instances is associated with a bans 
verse position of the heart most frequently encountered in obese pel- 
sons with a high diaphragm, and that it is otherwise of little clinica 
significance. Thus it is evident, as is also suggested by the voik o 
Cohn, 5 that the combination of left axis deviation with an inverts 
P-wave in Lead III indicates a rotation of the heart as a whole to t ic 
left, rather than left ventricular enlargement which might be sus 
pected in a. ease with a like degree of left axis deviation hut mti 
upright P-wave in the third lead. . tI 

From a somewhat different point of view blaster and Oppenhenne ^ 
arrived at conclusions iu a large measure similar to oms. 
study of 100 obese persons they found in a considerable peicen 
(78 per cent of 73 eases studied by roentgen ray) an elev ationo^^ 
diaphragm and a transverse position of the heart due to the P ies 
of abdominal fat. “Electrocardiograms taken in ninety -sev en c. ^ 
showed definite characteristic changes. Fully 87 per cent s 
left ventricular preponderance, which not only is far bey out 10 ^ 

her found in ordinary adults, but for the age groups stw ie ( • 



BLAND AND WHITE: SIGNIFICANCE OK COMI'UUTL INI ELSlON 01 EI.A! 

unusually liigli figure. A change in the P- ami 1 !U ,? S "Jr 

lead was very common; these waves were either flat, (iso-clcc ,) _ 
inverted. The changes in the P-waves occurred in TO per cent and in 

the T-waves in 87 per cent of the cases Repeated elect roeanliO' 

grams were taken as the patients lost weight. Of fifteen patients 
whose average loss in weight was 32 pounds (To kg.), all 1ml t'™ 
showed a return toward a normal electrocardiogram ; that is, a change 
from inverted or flat to normal P- and T-waves, and a loss or diminu- 
tion of the left ventricular preponderance.” 


SUMMARY AND CONCLUSIONS 

The results of a clinical study of 300 patients with a complete in- 
version of Lead III of the electrocardiogram are presented. In 72 per 
cent of the series factors were found on physical or roentgenological 
examination which predisposed to a transverse position of the heart. 
Obeshy was the most frequent, condition encountered (of) per cent 
of the total series). A completely inverted Lead 111 in the majority 
of eases lias little clinical significance, other than as an indication of 
the type of individual; namely, one in which are present conditions 
giving rise to a high position of the diaphragm and a transverse posi- 
tion of the heart. 
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ACUTE INTERSTITIAL MYOCARDITIS* 


F. R. Bailey, M.D., and Dorothy H. Andersen, M.D. 

New York, N. Y. \ 


JHUEDLER 1 in 1899 described four cases of “Acute Interstitial Mvo- 
carditis.” In each of them the clinical picture was one of rapidly 
progressive myocardial failure ending in death. At autopsy the only 
characteristic finding was a diffuse cellular infiltration of the inter- 
stitial spaces of the heart muscle. In none of the cases was the 
etiology of the lesion determined. 

Fiedler was not the first to describe this disease, as Steffen, 2 Freund, 3 
Rindfleisch, 4 and Wolf 5 had previously reported cases with similar 
clinical pictures and almost identical pathological findings. However, 
his name has become associated with this form of heart disease, and it 
is frequently described in the literature as “Fiedler’s Myocarditis.” 
Other terms used are acute, isolated, diffuse, and interstitial. Scott 
and Saphir 6 have recently reported two cases which belong to this 
group. They have reviewed the literature on the subject and have 
found thirty-six cases in addition to their own. Three of these cases 
we felt should not have been included. One of them is the second case 
reported by Steffen. 2 In this instance the patient apparently recov- 
ered from an infection diagnosed during her life as acute myocarditis 
and later died of pulmonary tuberculosis. The pathological findings 
were not given. Another is Baumgartner’s case, 7 in which the findings 
were typical of tuberculosis of the myocardium. The third is the case 
of Rindfleisch, 4 in which a Staphylococcus pyoyenous citreus was cul- 
tured from the heart and in which the microscopic sections slionec 
multiple pyogenic abscesses of the myocardium. 

The variety of the clinical pictures presented by the cases ‘'tluci 
have been reported leads one to the conclusion that acute inter stitia 
myocarditis is a pathological rather than a clinical entity. Ibis is 
further borne out by the fact that in no instance lias the collect ia D 
nosis been made before death. 

In the following case, while the autopsy findings were those o 
myocarditis, the clinical picture resembled closely that of corona 
occlusion. 


CASE REPORT 

A hospital orderly, aged 39 years, eame to the out-patient department o ' ^ 

Presbyterian Hospital on the evening of August 29, 1929, complaining o ^eehs 
of pain in the chest occurring at frequent intervals during the previous 
and usually brought on by exertion. 

•From the Department of Medicine. Presbyterian Hospital, y^rk.^N. Y. 

Pathology, College of Physicians and Surgeons, Columbia Unnersitj, 

33S 


BAILEY AND ANDERSEN 


acute interstitial myocarditis 




Famihl History-— Noncontributorv. 

The patient was born in Ireland nnd «mc t 

For tlie nest five years lie worked as » !’■' ’ 

sat ions in live stomach 


Personal History 

when he was twenty-three years ohl. 


this country 
nter, 

but gave up this occupation because of burn f, 1Ic m pot 

from that time on worked as a hospital orderly. He was not 

use alcohol but smoked in moderation. vur ioose 

T rebind, he had an operation for \nruosi 


Past History . — In 1908, while still in 



suffering from acute gout. lie made a rapid recovery . , . 

stay of only three days. Physical examination at that time revealed a htnrt 
slightly, if any, enlarged, the cardiac dullness extending eleven centimeters to tlu 
left of the midline in the fifth interspace. The sounds were described ns >omg 
good quality. The aortic second sound was louder than the pulmonic. No mur- 
murs were heard. The blood pressure was 130/85 mm. The blood ANnssennann 
reaction was negative in both alcoholic nnd dullest win antigens. Early in the 
following year he received treatment for “arthritis of the fed” at the New Turk 
Orthopedic Hospital, and in July, 1920, he was treated in the emergency ward of 
the Presbyterian Hospital for a paronychia of the thumb. 

There was no history of rheumatic fever or other previous acute infection. Dur- 
ing the first few years of his stay in this country he had frequent colds, but no 
severe sore throats. Careful inquiry revealed no symptoms referable lo the cardio- 
respiratory system prior to the present illness. He had not had nootuiia. There 
was no story of syphilis or gonorrhea. 

Present Illness . — For two weeks prior to his last admission the patient had been 
having fairly frequent attacks of mild pain starting in the region of the sternum, 
radiating laterally across the upper anterior part of the chest to the right and to 
the left, to the upper interscapular region on both sides, to both shoulders, nnd 
down the inner sides of both arms to the fourth and fifth fingers of both hands. 
These attacks of pain were associated with a feeling of tightness in the chest. 
They were quite definitely brought on by exertion and were relieved by rest. They 
were never very severe and were never associated with any fear, lie had had no 
dyspnea, palpitation, nor edema of the ankles. 

Physical Examination . — -Revealed a rather obese man of IIP years, who did not 
look at all ill. His complexion was ruddy. His lips showed the very faintest 
cyanotic tinge. The pupils reacted well to light and during accommodation. The 
pharynx and tonsils were slightly injected. The lungs were clear, except for signs 
of moderate emphysema. The heart did not. seem to be enlarged, though the obesity 
and barrel-shaped chest made percussion unsatisfactory. The sounds were distant, 
mt of quite good quality. The aortic second sound was louder than the pulmonic. 
No murmurs were heard. The blood pressure was 100/100 mm. The radial ves- 
sels were moderately thickened. The pulses were equal and of good quality. The 
ante was not rap, d. Examination of the abdomen revealed nothing abnormal 

It "as felt at the time that the pain was cardiac in origin, due probably to 

• oport ;r ;vo - rk 
c!i n tho 

, n0t to1 ' 0 " tlns advicc > but worked most, of the night About r 

next morning, while in a street e.„. „„ ‘ About Slx o’clock 


lie 



MO 


THE AMERICAN HEART JOURNAL 


the sternum and by a fear of impending death. He managed to get back to the 
hospital by taxi, vomiting once or twice on the way. 

When seen in the emergency ward a few minutes later, lie was groaning and 
writhing— apparently in very severe pain — sweating profusely. He said lie felt as 
if his chest were being squeezed in a vise. His skin was cold and moist. His 
temperature was normal, his pulse not rapid. The heart sounds were much as they 
had been earlier in the evening, perhaps a little more distant. His blood pressure 
was 150/120 mm. Nitroglycerine, 0.0006 gm., was given without relief. This was 
repeated, with similar result. He was then given 0.016 gm. of morphine and 
moved into a bed in the overnight ward. He seemed to obtain relief from the 
morphine in a few minutes and fell asleep. An hour later lie was still asleep, and 
his respirations were reported as being regular and of good quality. An hour after 
this the nurse in charge went to see him and found him dead. Inspection of the 



Fig. 1. — Myocardium of the left ventricle. There are some necrotic Abet '' , C a. 
eral normal fibers and a normal venule lie in the heavily mmu 


, . , . £ fnpp and mucous 

body immediately after death revealed intense cyanosis of tne 

membranes. The skin of the body had a dusky hue. _ . ar ( er j 0 - 

Tlie diagnosis made at the time of death was: General arteriosclerosis, 
sclerosis of the coronary arteries, thrombosis of the coronary arteries, angina 

Pathological Findings . — The essential pathological findings were the o^ ^ 
The body is that of an obese and muscular white man, 183 cm. in eng^ ^ 
face is red, the fingers and toes are intensely cyanotic. The pupils are eqi- ^ 
extreme dilatation. The right leg has varicose veins and the scar o cnY jty 

eration. There is no evidence of a recent wound or infection. The pen o ^ ^ ^ 

contains no free fluid. The peritoneal surfaces are normal. The Inei eX .*j c j av j cU j nr 
below the xj'pkoid and 3.5 cm. below the costal margin in the rig ' 11 

line. The other relationships are normal. The right pleural ca' 1S p] c urnl 

by old fibrous adhesions, and a few old adhesions are present in 10 snc 

cavity. A large persistent thymus lies in its normal position. The peri ' g j cn j„p. 
contains a normal amount of clear fluid, and its surfaces are smoof i 
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Gross Examination- Tlie Smrt 'vaglis 460 pn- ® ' ie;l rfi„,„ is liormnl, 

sisteney. Both ventricles are The right nnridc and the 

and there is a nr.derate amo.n a , lckencfl —ring 0 7 

tricuspid valve are non • • g is cspe eially dilated, and the wall 

cm . in tl^ness near iutQ P the right ventricular cavity, 

here measures O.o cm. 1 e 1 . . - norma l. The mitral valve shows 

The pulmonary valve is norma . ' ‘ Mogt - Qf thc c]l0r dae tendineae are 

f?“ ” eraTthickencd one, tvhich arc attached to the posterior 
” 01 ;”; ’ f f ,. olll tlie niargin. The eolnnmae earneae are prominent and the papi 
leaflet, far S dilatation of the left ventricle is shown chiefly 

1:7,1m' b»5»g e septnm. Tlie mnsele is soft, very flabby, dark brown and uniform 
£ color iiithont Seeks. The aortic leaflets ate soft, but there rs some thickening 
at their attachment. There are several small atheromatous plaques scattered through 
the coronary arteries. There is no evidence of thrombosis. 

Lungs: Right, 1080 gm., left, 640 gm. They are heavy, firm, dark purplish red 
without mottling or nodules. There is an abundance of blood-stained fluid on the 
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Pig. 2. — High power view of a small area in the infiltrated myocardium - of the left 
ventricle, showing the types -of cells present. 

cut surface. Spleeit- : 380 grams. It is large and the capsule is tense. On section 
the bulging pulp is soft and friable, and much excess bloody fluid can be scraped 
from the surface. Liver: 3000 grams. It is firm, with rounded edges and a tense 
capsule. The cut surface bulges above the capsule, is soft and exudes blood-stained 
fluid. The branches of the hepatic vein are dilated. Pancreas: Normal. Adrenals: 
The left is atrophied, the right has a narrow cortex with a small lipoid deposit. 
Kidneys: Right, weighs 200 grams, contains excess fluid, and is dark red in color. 
There are a few small hemorrhages in the pelvis. Otherwise normal. Bladder: 
Moderately hypertrophied and dilated. The mucosa is dull red and bears several 
minute cysts in the trigonum. Prostate: Moderately enlarged and contains three 
rm discrete nodules, each about 5 mm. in diameter, near the urethra. The medium 
lobe is prominent. Testes: Normal. Stomach: Normal, aside from several small 
submucosal hemorrhages. Intestines: Normal. Thymus: Weighs 40 grams The 
lobular structure is preserved, but the outer portion of each lobule appears 'like a 
cortex of fat around the pinkish medulla. 1 1 

Microscopic Examination. — Heart: A. Left Vpnfrinlp t„ +i ,. 

>».t a short distance beneath the endocardium lil ,“7, 0 T i '" <l 

tissue infiltrated with many cells. The 

-yto, although there arc' many resinous LV toZZo^^'Z 'Z 
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easional lymphocytes and plasma cells scattered among them. In places there ate 
also endothelioid nuclei. The muscle cells in the region are pressed apart. A few 
fibers are necrotic, but several normal ones traverse the center of the largest in- 
filtrated aiea. Several small arterioles in the area have thickened walls without a 
corresponding increase in number of nuclei. This infiltrated area extends to the 
endocardium in one of the crevices between eolumnae carneae. The endocardium of 
the crevice is thickened and occupied by a dense mass of cells of the same types, 
except for the absence of eosinophiles, to the extent of ten or more cells deep. 
Throughout the remainder of the section there is a mild increase of cells in the 
interstitial tissue between muscle fibers, usually consisting of lymphocytes. There 
are scattered polymorplionuelears in one somewhat more densely infiltrated area. 
The muscle fibers vary in size, the fibrillae are conspicuous, and the lipoclirome con- 
tent small. The nuclei are normal. The epicardium and superficial fat are normal. 
No organisms are seen in the gram-stain. 

B. Left Ventricle. At the deepest point of the i liter-columnar crevices there are 
endocardial changes which are milder than those in heart A but similar to them. 



Fig. 3. — Endocardium of the left ventricle. The base of an mtei rinm rdium' is 
found in the same section as Pig. 1 and in an adjacent field. T „ rn h c nuclear 
densely infiltrated with lvmphocyf.es, mononuclear phagocytes and- poij ) 
leucocytes. 


In one case the cellular infiltration extends up into the muscle for a ^is anc ^ 
0.6 mm. In the diffuse cellular infiltration and the normal muscle fibeis tins se 
resembles A. 

C. Left Ventricle. There is one area of interstitial infiltration of the same . p 
of cells found in A. There is some interstitial edema. . 

X). Septum. There is one small cluster of similar cells. The endocan i 
slightly thickened but without any increase in the number of nuclei. 

E. Bight Auricle. Normal. 

E. Sino-aurieular Node. , Normal. 

G. Bight Ventricle. Normal. 

H. Left Auricle. Normal. nc0 ,| S 

I. Mitral Valve. The marginal thickening of the valve consists o gcc p 10I)) 

material with occasional scattered round nuclei. The deeper poition o 1 scn j. 
corresponding to the middle of the valve, has many small Wood vessels 

tered round cells about them. There are occasional endothelioid cells ^ ^ 

Other Organs.— The aorta shows early arteriosclerosis and cng° r gc nl J^ „ . s 
adventitial vessels, with one small . hemorrhage in the adventitia. IC s 
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congested, the Malpighian corpuscles are numerous and small with ^ smaU 
arterioles. The liver is congested and contains a modern e — of M. 

adrenals are congested and have a moderate lipoid deposit. J he p.i) c •• • 

gested and contains several small hemorrhages. The kidneys shovv conges i ion. 1 he 
mucosa of the bladder contains many minute cysts in the epithelium of e g ■- 
There are a few polymorphonuclear leucocytes in the prostatic tiilm es. •. ec mu 
from the esophagus, stomach, intestines, and a bronchial lymph node show engorge- 
ment of the capillaries and venules. The medulla of the thymus contains a few 
lymphocytes and Hassall’s corpuscles. The cortex is replaced by fat. 

Anatomical Diagnosis . — Acute myocarditis. Acute endocarditis and valvulitis. 
Acute passive congestion of the lungs, liver, spleen, kidneys, adrenals, intestines, 
and lymph glands. Acute prostatitis, adenomata of the prostate. Moderate arterio- 
sclerosis of the aorta. Persistent thymus gland. Patty liver. Atrophy of the left 
adrenal. Cystitis cystica. Fibrous pleural adhesions. 


DISCUSSION 


In reviewing' the clinical history in the lighl of Ihe post-mortem 
results one finds little that could give one a clue as to the correct, diag- 
nosis. The cardiac pain 11-111011 the patient had had for two weeks 
prior to his death was typical of that usually associated with disease 
of the coronary arteries. The sudden recurrence of this pain with 
great severity, its failure to respond to nitroglycerine, and the accom- 
panying collapse with weakness, sweating, cyanosis, and sudden death, 
would lead one to expect that at autopsy one would find sclerosis of. 
the coronary arteries with an occlusion of one of the larger vessels. 
The only discordant points are that the patient was below the. age 
group in which coronary occlusion is common and that during the 
terminal attack of pain there was no fall in blood pressure. 


Our failure to find anything in the history or physical findings that 
would have loci one before the autopsy to make a correct diagnosis 
made it seem desirable to review the literature in an attempt, to cor- 
relate the clinical pictures of the reported cases with the autopsy 
findings. This was not, an easy task, as many of the histories are in- 
completely given, and in some cases the patients were moribund when 
first seen, and consequently no histories were obtained 


Table I shows the age incidence in the cases in which the 
given 


ages were 


Table I 



between twenty-one and fifty yj 0 f\i e T), P “' CC,lt 
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We were especially interested in tlie occurrence of pain and of 
sudden death. In no case was there a history of the type of pain usu- 
ally described as anginal. Pain did occur in ten of the cases in which 
an attempt was made to give a clinical history. In seven of these it 
was described as precordial pain or oppression. One had epigastric 
pain and two had generalized cramp-like abdominal pains. In no case 
was pain the most striking symptom. 

Sudden death without previous cardiac symptoms occurred in three 
eases. In none of these apparently was death preceded by a typical 
anginal attack. Gierke’s 8 patient, who had apparently previously 
been perfectly well, suddenly died “while beating the carpet.” One 
of Salty kow’s 9 patients died suddenly while he was under treatment 
for a burn which was healing. One of Zuppinger’s 10 patients was be- 
ing treated for an infection of the groin and suddenly was seized with 
“cramps” and died. Freund 3 describes a patient who, after having 
polyarthritis for four months, suddenly Avent into coma and died. Two 
of the patients (Lemke’s 11 and Sehminlre’s 12 ) Avere in acute heart fail- 
ure at the time of the first examination, and no previous story was 
obtained. They died almost immediately. One patient described by 
Fiebaeh 13 entered the hospital in acute heard failure and died the 
next day. 

In the other 24 cases in Avhich histories Avere given, the story Avas 
one of progressive myocardial failure. In those in Avhich the doAvn-hill 
progress was rapid, dyspnea and Aveakness Avere the outstanding symp- 
toms, cyanosis and tachycardia the most frequently found signs. In 
those Avho ran a longer course, the story 7 Avas usually one of dyspnea, 
Aveakness, and palpitation, Avitli the gradual development of cyanosis, 
anasarca, and ascites, death usually being preceded by severe conges 
tive failure. Table II sIioavs the approximate durations of these cases. 


Table II 


DURATION 
1 week or less 
“A feAv days'' 

1 to 2 weeks 

2 to 3 weeks 
5 to 6 weeks 
2 to 3 months 


NUMBER OF CASES 


DURA TION 

3 months 

4 months 

8 months 

9 months 
1 year 

21 months 


number of CASES 

' 3 

1 

1 

1 

1 

1 


In none of the cases did examination of the heart during 1 
any clue as to the ty r pe of lesion present. In practically all, t ie !C ^ 
Avas enlarged. The sounds Avere usually described as being o 
quality 7 . None had murmurs suggesting endocardial lesions. 11 
of them the pulse was weak and rapid. Of the 23 cases in " 
temperature Avas mentioned 17 had feA r er and 7 had noima oi 
mal temperature. 
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The etiology of the disease has not. been determined, ^stones sug 
westive of rheumatic fever were obtained in only three cases. One >1 
the patients reported by Scott and Saphir* had had rhcnnnatisn, nve,d> 
years before and a mild cardiac break leu >eais x on. 
patient had had polyarthritis one year l>oiore In only one c « m, 
Fiebacli’s, 13 was there a history of previous syphilitic mtcctioii. 

However, in reviewing the reported cases one is impressed by the 
number in which symptoms of decompensation started suddenh ( til- 
ing or shortly after an acute infection. Kaufmann, 1 -' in discussing 
this point, suggests that the myocardial lesions may he the result ot 
the toxic action of bacterial products. In support of this hypothesis 
he mentions two cases of his own, of which one had an ini acted burn 
and the other an infection of the operative wound toll owing the re- 
moval of tuberculous cervical lymph nodes. One of Saltykow s” pa- 
tients had a healing burn; the other had had an incision ior drainage 
of an abscess of the jaw ten days before the onset of symptoms ol 


heart failure. One of SellentinV 1 patients had had a carbuncle of 
the neck opened four weeks previously. Wolf’s' patient had a trau- 
matic abrasion of the arm. Zuppinger 10 reports a case in which an 
infection of the foot was incised thirteen days before the onset of 
cardiac symptoms. Ilis other patient had a skin infection of the left 
groin. One of Fiedler’s 1 patients had been troubled for some time 
with leg ulcers, and another bad previously bad a hemorrhagic skin 
eruption. In most of these cases death came suddenly or after a very 
short and rapidly progressive illness. “Grippe” preceded the onset 
of cardiac symptoms in Ilafner’s 17 case and in one of the cases re- 
ported by Scott and Saphir/* Fiebach 13 reports a patient whose ill- 
ness started with a cold and high fever. Bilateral otitis media 
(Pfeiffer bacillus) developed, soon to be followed by symptoms of de- 
compensation. Heath occurred eight days after the onset. Pal V s pa- 
tient bad bad acute gonorrheal urethritis two months before the onset. 
While there is no proof that these infections were the causative 
factors in the production of the myocarditis, one cannot avoid being 
impressed by the large number of eases in which they preceded very 
closely the onset of myocardial failure. 


A fairly full pathological study has been reported in thirty of the 
cases in the literature. These cases are those of Freund. 3 Wolf, 5 Fied- 
lei 1 four cases), Josserand and Gallavardin 10 (three cases) Zap 
pmger- (two cases), SellenthW (two cases), Saltykow” (two cases). 
Colm, Pal, Fiebach 13 (two cases), Gierke, 8 Shilling 21 (two eases) 

Selimmke, 1 - Hrfwr," Stolls," Lemk." (** case), Jfordrc» Scott tmd 
Saplnr 6 (two eases), and our own case. ' 

The one constant pathological finding is the presence of elm.) -os in 
H e myocardium, and these changes are consistently the same only 
-he microscopic sections. In everv paw* « V e onlJ 111 

eiJ ease tllel ° are also gross changes in 
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' the heart. In the majority of eases the heart is hypertrophied to a 
moderate degree, although in the two eases reported by Scott and 
Saphir,® and in Wolf's Case 5 the heart weighed over 600 grams, hi 
three of the five eases without hypertrophy death occurred within a 
few days after onset, and iii the other two the interval is not stated. 
On the other hand, in thirteen of the patients who died less than two 
weeks after the first onset of symptoms, and in several of the cases of 
sudden death, there was definite hypertrophy, indicating a process of 
much longer duration than the symptoms. The hypertrophy is always 
of the left ventricle and sometimes also of the right. There is dilata- 
tion of the ventricles in most of the cases. Usually the left ventricle 
is dilated, and in many cases both are affected equally. 

The most prominent lesion is always in the myocardium. When the 
consistency of the muscle is mentioned, it is usually said to he ex- 
tremely flabby (nine eases), as in the present case, although in other 
instances (five cases) it is firm. An attempt to correlate this point 
until the duration of the disease shows that the flabby myocardium is 
more often associated with a brief course and the firm one with a more 
prolonged illness, but that there are exceptions in both case groups. 
In twenty-three of the thirty cases the myocardium is described as 
mottled with greyish-yellow streaks and flecks which show through the 
endocardium but appear most clearly on the cut surface of the muscle. 
The left ventricle and sometimes the right are involved, although the 
auricles sometimes have the same appearance. The muscle between 
these pale spots is usually very dark red. This description is so con- 
sistently met with that it is surprising to find five cases, including 
the one here reported, in which there was no gross abnormality in the 
color of the heart muscle. In four cases it is a homogeneous daik > 
and in the fifth it is described as grevish-red. The presence of unua 
thrombi in ten cases is also not surprising. The thrombi are most o tin 
in the apex of the left ventricle ; in two cases they are in the apex o 
the right ventricle ; in one case, in both ventricles, and in two eases m 
the left auricle. In eight eases the expected widespread infaiction 
the viscera is found. The presence of thrombi can be corielatet ^ 
the duration of the disease. Mural thrombi were present in ei r 1 Q 
tlie ten eases with symptoms extending over one month oi ™ 
Mural thrombi were also present in Shilling’s case 21 of fourteen 
duration and in Fiebach’s ease 13 of one day’s duration. The 
presented shows acute endocarditis involving the crevices w ^ 
the columnae carneae (Fig. 3), and it. is easy to conceive of 1 11 
formation on such a surface. _ . 

In four of the cases there was nodular thickening of 5 n( ]j n g 
valve, and in one there was thrombosis of the anterioi c esce ^ 
branch of the left coronary artery, with beginning infarction o . 
area supplied by it. There were no other complicating hear 
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The microscopic picture of the myocardium as singularly auiifoi . 
There is an infiltration of many cells with lymphocytes and mononueleai 
phagocytes as the most numerous cell types, and with eosniopMes 
polymorphonuclear leucocytes and fibroblasts in lesser numbers, these 
cells are found in clumps or scattered among the muscle fibers sing 5 , 
or they lie in the perivascular connective tissue. Many minor changes 
in the muscle fibers have been reported, but these appear to be sec- 
ondary in importance. There are a few necrotic fibers m and around 
the foci of invading cells, and sometimes multinucleated fragments of 
muscle cells. In several cases of longer standing (Josserand and Gal- 
lavardin 19 ), there is much scar tissue. In every case three points are 
noted: (1) the lymphocytes and the. mononuclear phagocytes are the 
prominent cells; (2) the infiltration . is primarily in the interstitial 
tissue; (3) neither cultures nor specially stained slides have ever re- 
vealed any bacteria or spirochetes, with the single exception of Rind- 
fleiseh’s ease 4 which we have ruled out of our discussion. 

The other organs show acute passive congestion in 19 eases. Occa- 
sionally only the lungs show it. There are also many infarcts in the 
cases having mural thrombi. In several cases foci of infection were 
revealed, in addition to the cases where infection could be noted clini- 
cally. They are: The case of Josserand and Gallavardin 19 in which 
there was tuberculosis of the axillary lymph nodes ; Freund ’s case, 3 in 
which a macerated Tamia. solium was recovered from the intestine and 
cvsticerci were found on the cerebral cortex; Fiebach’s first case 1 " in 
which there were chronic nephritis and cholelithiasis : his second case 
in which there were abscesses in the right ear and an aortic lesion 
which was probably luetic; Gierke’s ease, 8 in which the tonsils exuded 
pus and the pelvis contained a chronic infection; and Salty kow’s case, 
in which were found caseous pulmonary tuberculosis and parenchyma- 
tous degeneration of the kidneys. In general, there were no frequently 
lepeated lesions other than these in the heart, and the congestion and 
infaiction subsequent to them; but there were pyogenic infections 
sometime in the course of eleven out of the thirty-two cases reported ; 
something resembling grippe associated with the onset in three, and 
specific infections such as tuberculosis or gonorrhea in five. 

SUMMARY 

. A case ls re ! Mrtcd in which the clinical picture simulated that seen 

intis' 0Mtas 7; tat » e patl,0l0gi,!al fludi “« s "■«•<= those of acute 

“ * bnCl r6Ti6W 01 the foUow- 

* 1,atl ’“ ‘here is no 

2. tVhile sudden death sometimes occurs in the - 4 . 

££ rr * ~ ~ jjts 
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3. Although there is no known etiology, the frequent association 
with infections, especially pyogenic infections of the skin, is suggestive. 

4. Analysis of the pathological findings in thirty cases reveals the fact 
that the microscopic picture is the one constant finding. 

5. In the majority of the eases there are also cardiac hypertrophy 
and. dilatation, a greyish-yellow mottling of the myocardium of the 
left or both ventricles, and acute congestion of the viscera. 

6. In most of the eases of more than one month’s duration there are 
mural thrombi in the left ventricle. 
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CALCAREOUS AORTIC VALVULAR DISEASE 

Harry M. Mahgolis, M.D., Fhkderivk 0. Ziklu>myN, M.D.. anu 
ArIjIB R. Baiixbs, M.D. 

Rochester. Minn. 

f-pHE etiology of a markedly calcareous, frequently stenotic, \nl\nl.u 
1 lesion confined almost entirely to the leallets of the aortic, valve is 
puzzling to the pathologist. Occasionally this lesion is so striking, m 
contrast with total lack of any other signs of disease of the cardm- 
vascular system, that the etiological factor seems hopelessly concealed. 
From the* clinical standpoint, too, this condition sometimes presents 
incongruities. There may he marked incompetence oi the val\e, con- 
siderable stenosis, and evidence of valvular disease of long duration, 
but absence of symptoms of cardiac disease. Not inlrequcntly the 
lesion found at post-mortem examination has been entirely unsus- 
pected. The lack of clinical awareness of the existence of this condi- 
tion can be accounted for, in large measure, by the scanty attention 
that the subject has received in the medical literature of recent years. 

A study of the clinical course of this disease and of its pathogenesis, 
and an attempt to elucidate its etiology seemed indicated. Therefore 
thorough clinical and pathological investigations of the condition were 
undertaken. 

In view of the fact that the lesion of the aortic valve in such eases 
is probably one of long standing, it appeared that evidence of its 
pathogenesis may have been hidden by the extensive calcification which 
occurs. Hence, it seemed neeesarv to construct a conception of the 
probable pathological process by 1 borough analysis of the clinical data 
as well as by pathological studies. This was attempted by means of a 
review of the clinical and pathological records and by gross and hist o- 
pathological studies of the heart, including histological studies of the 
myocardium, of the aortic valves and occasionally of the mitral 
valves, and of the arch of the aorta. 

REVIEW OK IATERATURE 

From a view of the clinical data and the pathological specimens of 
twenty-eight cases of “pure aortic disease,” Cabot* concluded that 
these cases of solitary aortic stenosis are related etiologicallv to rheu- 
matic endocarditis. This conclusion was arrived at. despite certain 
important facts winch the author admitted militated against this hy- 
pothesis Cabot pointed out that in his series of twenty-eight cases of 
pme_aoitic disease, only three occurred in females and twenty-five in 

•From The Mayo Clinic. 
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bomtUt^olntmTin appramlyt ” 8 T a ’ S<> Strikin8;1 - V 

**’ for only six patients of this series wire tathan f 

and lialf the patients were more than flft,- /’ fortj - vears ol(i 

first seen. “Sueli an incident years old when they were 

“contrasting stron“t ““s tt t T*“* ^ ^ 

STiS Mp maI T " s suspeot at °°““ 

Snl™ about as f ™ as “ ^ o* 

Xeltl!!.? "ni '"o f | nd evidence oi: sypWlis as a cause of the lesion, 
of ri » ff * d 16 *y d m,eqniV0<!al eviden “ for an arteriosclerotic basis 
of the affection. He was impressed by the similarity of the patliologi- 

cal pictures m the valves in the eases of pure aortic stenosis and in 
lose o juvenile ihenmatie endocarditis and laid great stress on the 
occurrence of acute aortic endocarditis in several eases of pure aortic 
cisease, assuming that the acute process is a recrudescence or relapse 
on the basis of a healed process of like type. What appeared to mili- 
tate most, stiongly against the general hypothesis of arteriosclerosis 
oi the whole group is the absence of arteriosclerosis in other parts of 
the circulatory system in twelve eases of the series. 

In a stucl} of the various types of valvular diseases of the heart, 
awson, Bell and Hartzelh found fifteen hearts in which there was 
mai v ec t liekening and stiffening of the leaflets due to large calcare- 
ous no ues within them. The position of these nodides in no way 
cone spoil ed to that of the vegetations of active endocarditis, al- 
j 0 . 11 * 1 ^ ai -liug degrees of calcification were found to occur in valves 
™ *" e e '- ideUCe su ^ aeu f e bacterial endocarditis. The average 
a^e o t e patients with aortic nodules was fifty-four and a half years. 

. * 6Se estigators could not find satisfactory evidence in favor of 
m ammatoij origin of these calcareous lesions in the fifteen hearts in 
v ueh theie w as evidence of predominant calcareous aortic valvular 
c lsease. The> asserted the belief that, the calcified nodular type of old 
valvular defect may originate entirely independent of an inflammatory 
piocess, and concluded that the etiology of this type is unknown. 

hlonckebeig® concluded that, calcification of the aortic valves is not 
the lesult of an inflammatory process, but rather the result of a dcgen- 
eiatiie process with secondary deposition of calcium. 

Commenting on the possible mechanism of development of nonbac- 
terial, chronic cardiovalvular disease, Tlialhinier 10 wrote : “Some gen- 
eral to vie or some distant infectious process might result in a primary 

tiauma to a heart valve Thickening of the valve follows, and 

these thickened valves have been found to be free from bacteria. 
Thus, the process of valve thickening can be regarded as nonbacteria) 
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i„ ori-in .... Tim ,»y eventually ,.r»<l«ee a „,arke,l alenos.s n il 
sheH'Hke formation at A. Una of valve closure Ho on , • 

“Fibrosed, thickened and stenoso.l vn ves, lonm in ?«'>'■' a ■ > 
sclerosis can be explained similarly. The nnusnal " m0,ln 11 
ous deposit in these cases is undonble.lly part ot the process o a U >- 
sclerosis, probably inti iati.rrr the valvular lesion and undoubtedly 
contributing markedly to its progression.'’ 

matkkiat, kou study 

Altogether forty-two eases of calcareous endocarditis of the aortic 
valve were available for study. This represents a consecutive series of 
cases as they came to necropsy between the years lb-- and lb.U). ex- 
cept for several eases in which the hearts were not available tor study . 
These cases were selected on the basis of the existence, pathologically, 
of calcareous infiltration of the leaflets of the aortic valve, in the ab- 
sence of significant degrees of involvement ol other valves. Xot infre- 
quently, however, very small atheromatous plaques occurred within 
some of the leaflets of the mitral valve, or slight thickening of the leaf- 
lets of the mitral valve was observed. However, such pathological 
changes as occurred in the leaflets of the mitral valve may be disre- 
garded in our present consideration, since such changes, in general, 
occurred not more frequently nor to any greater degree than may he 
observed in apparently normal hearts of persons of (he ages corre- 
sponding to those of the patients in our series. 

AXAI.YSIS OK CIjINK'AL DATA 

It is significant that a history of “ rheumatism ” was elicited in only 
three cases, and in one other case recurrent attacks of chronic arthri- 
tis and myositis had occurred for a period of ten years. Tonsillitis 
occurred in five eases, influenza in thirteen cases, and scarlet fever in 
eight cases. In one case, in which there was a history of syphilitic 
infection eighteen years previously, there was no clinical evidence of 
tins infection, and the Wassermann reaction of the. blood was negative. 
In another case, the Wassermann reaction of the blood was stromdy 
positive, but neither a history of the primary svphilitic lesion, nor 
signs of syphilis, could be elicited. In two other eases there, was a 
history suggestive ot syphilitic infection, of which definite eonfirma- 
tory evidence was lacking. 

Distribution by ,?« and A,, c.-In the forty-two cases I here were 
eight females and thirty-four males. Will, the exception of one pa- 
tent, who was twenty-five years old, the ages of the patients when 
fust seen at the elimc varied from thirty to eigl, tv-seven years As 
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examined at the clinic on more than one occasion, at intervals varying 
from four to eighteen years. Although the presenting complaint at 
the first examination in six of these eases was not referable to the 
heart, a record of the occurrence of persistent cardiac murmurs at the 
first examination in each instance, and subsequent finding of the 
valvular lesion indicate the probable existence of the cardiac lesion at 
the time of the first examination. One of these patients came pri- 
marily on account of indefinite precordial distress. This patient lived 
for eleven years thereafter and died of cardiac decompensation and 
paroxysmal tachycardia. One other patient, who was first seen at the 

Table I 


Age and Sex In cider ce 


AGE, YEARS 

MALE 

FEMALE 

25 


1 

30 to 39 

2 


40 to 49 

3 

1 

50 to 59 

6 

3 

60 to 69 

11 

3 

70 to 79 

8 


SO to 89 

4 


Total 

34 

8 


age of thirty years, on account of chronic arthritis, died suddenly ten 
years later, in an attack of cardiac decompensation. In the remaining 
five cases of this group death was primarily ascribed to conditions 
other than cardiac, and during life there were few symptoms attribut- 
able to the cardiac defect. 


SYMPTOMS AND SIGNS 

The most striking feature with regard to symptoms in this group of 
cases is lack of any characteristic complaints. Often symptoms refer- 
able to the cardiovascular system are not present. As may he seen m 
Table II, only six patients presented themselves for examination pri- 
marily on account of symptoms which were attributed directly to the 
heart. Two other patients complained of symptoms typical of angina 
pectoris, associated in one instance with frank hyperthyroidism and m 
the other with pernicious anemia. Haines and Kepler 4 have points 
out the part played by hyperthyroidism in precipitating the syndiomc 
of angina pectoris, and Willius and Griffin 13 have observed a sinu ai 
effect of pernicious anemia in certain cases. Both of these pa 1 • 

however, were found to have considerable sclerosis of the eoionai. 
arteries, making it more likely that the anginal pain was due dh ec ^ 
to this cause. In one instance, in which disease in the aortic \ c '' a ' 
found at necrospy, the patient had not been under observation 0 f ^ 
siciaus at the clinic and a detailed history was not available. j ^ 
cardiac symptoms were noted by tlie patient, in general they iaUe 
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front a complaint o£ alight dyspnea on exertion indicative of myoea,^ 
dial insufficiency, to symptoms resulting ivom a set etc „ . 

*5X^4 dyspnea teas the most common onl.e eardio- 
vascular symptoms and was noted in twenty-one eases. E. I t paUent 
complained ot palpitation; this symptom eonld he atiuhiitcd to , 
associated condition, such as hyperthyroidism m several instances. 


Table II 


Primary 


Conditions for 


Which Patients Presented Themselves von 
Examination 


condition 

Myocardial decompensation 

Myocardial decompensation and coronary sclerosis 


Hypertrophy of prostate gland ” 

Hyperthyroidism ; 

Carcinoma of rectum 
Carcinoma of bladder 

Carcinoma of prostate gland 1 

Carcinoma of esophagus 1 

Carcinoma of thyroid gland 1 

Carcinoma of breast I 

Exophthalmic goiter and angina pectoris 1 

Empyema of gall bladder 1 

Pernicious anemia and angina pectoris I 

Intestinal obstruction I 

Erysipelas 1 

Tumor of brain 3 

Cerebral arteriosclerosis 1 

Cholecystitis with stones 1 

Myeloma of sternum 1 

Vesical calculus 1 

Pneumonia 2 

Epigastric hernia 2 

No history 2 


Othentise, patients who presented evidence of myocardial insufficiency 
had palpitation. Eight patients complained of weakness, but the ma- 
jority of these had some concomitant condition which seemed to ac- 
count for the complaint. Others had it in the ‘presence of cardiac 
ailure. Seven patients complained of slight cough, and two had had 
vertigo. 


Pour of the forty-two patients had precordial pain. Two of these 
had pam typical of angina pectoris; it was precipitated bv exertion 
and radiated to the left arm. Two other patients complained of sub- 
sternal- oppression or indefinite preeordial pain on exertion. 

weinfouv^jr Tl Mti ° n t! ’ e Pafen ‘ S " s " aUy "' orc to bv fairly 

w. ™ T !' ere "’ as “°‘ “T particular tendency to obesity 

ien theie was evidence of considerable loss of weight this orml i i‘ 
asenbed to sente condition other than the eardiae dote, ^ ^ 

1 alloi was observed m three eases. In at least twn +i, -x 
not related to the eardiae condition. Cyanosis which If 1 "’“a 
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decompensation. Varying- degrees of passive congestion were ob- 
served in thirteen eases. Usually this was manifest by only slight 
pitting edema of the ankles or by the presence of numerous moist rales 
at the bases of the lungs. Rarely massive edema occurred, and that 
always in association with other signs of marked decompensation. 

Varying degrees of cardiac enlargement were noted clinically in 
twenty of the forty-two cases. In one case, the measurements of the 
area of cardiac dullness were within normal limits. Records of the size 
of the heart in the remaining cases were not available. The pulse rate 
ranged from 64 to 190 beats a minute. The highest pulse rate occurred 
in a case of paroxysmal tachycardia. Usually the pulse rate was 
within normal limits. When tachycardia existed, it usually was in a 
case in which some associated condition was present, such as hyper- 
thyroidism, or some infectious process outside of the cardiovascular 
system. In several cases the tachycardia was associated with cardiac 
decompensation. 

Auricular fibrillation occurred in seven cases. In three of these, 
frank hyperthyroidism existed. Premature contractions were ob- 
served in three eases. In the remainder, the pulse was of normal 


rhythm. 


In twelve of the cases the systolic blood pressure recorded at the 
first examination ranged above 160 mm. of mercury.- The highest read- 
ings recorded in two cases -were 220 systolic and 70 diastolic, and 210 
systolic and 98 diastolic. The presence of a Corrigan pulse was not 
noted in either of these two cases. Some of the cases in which rela- 
tively low readings of blood pressure wei'e found presented evidence 


of myocardial insufficiency. In several cases the blood pressure, scl- 
eral months or several years prior to the last examination, revealed 
evidence of moderate hypertension, whereas at the time of the last 
examination the readings of blood pressure were distinctly louei. 
There was no clinical or pathological evidence of myocardial infaiction 
in any of these cases, and the decline of the blood pressure was no 
necessarily associated with evidence of significant degrees of npocai 


dial insufficiency. 

In twenty-two of the forty-two cases there was clinical evidence o 
sclerosis of the palpable peripheral arteries. In the other cases, spe^ 
cific mention of the condition of the arteries was not made. 
twenty-two eases of peripheral arteriosclerosis, the degree of sc el °V 
was graded slight in ten cases, moderate in five cases, and mai vC t ^ 
two cases. The degree of sclerosis in the other five cases uas 


recorded. . - n 

It is remarkable how variable were the physical manifestations ^ 
the heart and how markedly the physical signs in these cases Jj 1 . v 
from those regarded as diagnostic of aortic stenosis or insu ci. ^ 
The cardiac murmurs varied both in situation and in chaiac 
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Line eases, the murmur -ns heard over the entire wceordium and was 
usually systolic, and loud or squeaking m character In o J 
eases both a presystolie and a. systolic murmur were M . e. 
entire precordram. In six cases a loud or rough systolic ^ _ 

mur oulv was heard. This murmur was usually transmitted to 
axilla only, or to the axilla and over, the precordium. In seven othe 
eases, systolic murmurs were heard over botli the aortic and mitia 
areas. In two of these eases the murmurs were described as being 
musical; in one ease the murmurs were soft and blowing. In tluee 
cases a roughened systolic murmur, varying greatly in intensity, was 
heard with maximal intensity over the aortic area and was transmit- 
ted upward to the vessels of the neck. The presence of. a thrill was 
not recorded in any of these three cases. In one case a loud, diastolic 
murmur, heard best over the aortic area and transmitted down the 
sternum, was associated with a soft, blowing systolic, apical murmur. 
In another ease, a rough systolic and a faint diastolic murmur were 
heard over the aortic area, associated with a systolic apical murmur. 
In still another ease, to-and-fro aortic and apical murmurs were heard. 
Murmurs occurring in two other cases were insufficiently described. 
In twelve cases there was no record of a murmur having been heard. 

In two cases in which the occurrence of a thrill was mentioned, it 
was felt over the region of the apex. 


The second aortic sound was recorded as being absent in one case, 
and paradoxically, accentuation of the aortic second sound was heard 
in three cases. In one of these there was stenosis of the aortic valve 
due to a marked degree of calcification of the leaflets. In the two 
other cases, the degree of calcification was relatively slight. 

Electrocardiographic records were available in seventeen cases. In 
general, significant abnormalities in the electrocardiogram were com- 
paratively uncommon. Inversion of the T-wave in Lead I alone oc- 
curred in three cases ; in Leads I and II in one case ; in Leads II and 
III in one case, and in Lead III alone in three cases. Left ventricular 
preponderance was noted in nine eases, and right ventricular prepon- 
derance in four cases. Auricular flutter and ventricular premature 
contractions were noted in one ease. Incomplete bundle-branch block 
with prolongation of the QHS interval to 0.13 second was observed in 
one case. Notching 0 f the QKS complex in isolated or multiple deri- 
vations was noted in several instances. 


Roentgenograms o£ the thorax were available i„ twenty-eight eases 
and usually confirmed the clinical impressions regarding the increase 
m the size o£ the heart. In three cases the roentgenogram revealed 

arch* of n Cata f“ tl0n m the !U ' ch o£ Marked torsion o£ the- 

< h of the aorta was reported m two cases, and dilatation of the arch 
Of the aorta in two cases. a 
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Records of examinations of tlie ocular fundi were available in fifteen 
cases. Sclerosis of the retinal arteries, of mild or moderate degree, 
was observed in four cases. In one case the fundus revealed only mild 
retinal arteriosclerosis of the senile type. In two cases, in which there 
was evidence of tumor of the brain, the fundus revealed choked disks. 
In the remaining eight cases the fundi were essentially normal. 

Other indications of arteriosclerosis were the occasional presence of 
clinical evidence of cerebral arteriosclerosis, or roentgenologic evi- 
dence of calcification in the peripheral arteries in the legs. 

A clinical diagnosis of cardiovalvular disease was made in only 
seven cases. Among these, aortic stenosis was diagnosed in only 
two cases. This was suspected clinically as being on an arterio- 
sclerotic basis. The clinical diagnosis in these seven cases was as fol- 
lows: aortic sclerosis and mitral regurgitation (?) ; mitral regurgita- 
tion; chronic mitral endocarditis with stenosis (one year later in the 
same case a diagnosis was made of coronary and aortic sclerosis with 
paroxysmal tachycardia and congestive failure) ; probably aortic re- 
gurgitation, the diagnosis being* changed ten years later to rheumatic 
mitral stenosis and insufficiency ; aortic stenosis; aortic stenosis and 
insufficiency and mitral insufficiency, and suspicion of mitral insuffi- 
eieney. A diagnosis of aortic sclerosis was made in two cases. In the 
other cases, the existence of valvular disease was not suspected. 

A review of the primary causes of death in these cases also brings 
out rather surprising facts. Although the pathological appearance of 
the cardiac lesion gives evidence of long duration of the process, death 
that could be ascribed primarily to the cardiac lesion was infrequent. 
Table III shows that in only ten cases was death due to cardiac decom- 
pensation, and in one of these cases the cardiac decompensation uas 
associated with generalized sepsis. In five other cases death occunec 
suddenly. In three of these eases considerable sclerosis of the coio 
nary arteries was found, without evidence of occlusion, however, m 


Table III 

Mode or Primary Cause of Death 


CAUSE OF DEATH 

CASES 


Myocardial decompensation 

Myocardial decompensation -with sepsis 

9 

1 


Sudden death 



Uremia and pyelonephritis 

Pneumonia 

V) 

5 


Pulmonary embolism 

u 


Emaciation 


* 

Postoperative shock 

Gastric ulcer and hemorrhage 

1 

1 

1 


Edema of glottis 

Peritonitis 


Bespiratory failure (cerebral tumor and frac- 



ture of cervical spine) 

1 


Mesenteric thrombosis 


Carcinoma of pancreas 

1 
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The fifth case in 


one ease there "'as severe suffering from 

which sudden death oeenue < fibrillation and congcs- 

exophtlialniic goiter assoc.ated wcrc found not 

tire cardiac failure. At nceiop valve due to insion 

to he sclerosed, hut there was . ten « " ^ ^ ^ , n 

and calcification of the right a 1 1 • various causes not directly 

the remaining cases of our scries was due to 

attributable to the heart. 

analysis of pathological data 

300 gm. whereas m others it exceeded oO f ctors 

weiriied 740 cm. It is difficult to determine with acunacj the tat 
that played the greatest part in causing the degree of can ^ 
troohy Excluding such factors as the variations m bod> 
in the age of the patients, factors which could not by ^ 

such wide variations in the size of heart, we have left scic al o I cl 
factors which must be considered. Marked variations m t . 
pressure, although not a striking feature when the patients wcie seci 
at the clinic, might have played an important part m previous yen s. 
Undoubtedly the presence of insufficiency, stenosis, or ol. both msul )- 
cieney and stenosis of the aortic valve was responsible in most cases 
for the marked ventricular hypertrophy, but the existence ol. valvular 
insufficiency or stenosis was not always apparent at necropsy when it. 
probably existed during life. It seems most probable that a combina- 
tion of various factors is the cause of the variable degree of hyper- 
trophy which occurs in these hearts. 

Pericardium . — One case of typical calcareous aortic valvular disease 
was associated with adhesive pericarditis which had entirely oblit- 
erated the pericardial sac. Evidence of pericarditis was not seen in 
the other hearts of the series. In seventeen cases the pericardial cavity 
contained an excess of clear, straw-colored fluid which ranged in 


Table IV 

Weights of Hearts in Grams 


200 TO 299 

300 to 399 

400 TO 499 

500 to 599 

000 to G99 

700 TO 799 

265 

308 

428 

550 

675 

740 

283 

328 

420 

500 

685 


205 

370 

480 

500 



230 

365 

435 

543 



275 

360 

450 

530 




384 

402 

504 




380 

443 

565 




367 

410 

514 




370 

442 

509 




313 

483 

595 




322 

415 





300 

410 
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amount from 20 to 200 c.c. In twentv-one * 

“rfef “ ^ th<i qU “ tity ° f W"™ « 

Cardiac Valves .— In the mitral, tricuspid and pulmonary valves there 
were no srgmflcant pathological features. We have already referred 
to the slight atheromatous changes observed occasionally in the mitral 



Superior surface of aortic valve. Irregular nodular infiltration with cal- 
eous material, producing- distortion of valve ancl stenosis (natural size) is shown. 



FlS ' 2 v„S o I l s :l e $ ti . 0n , of aortic valve leaflet. Marked calcareous deposition within the 
e leaflet is shown, the calcareous nodule being covered by endotheliu • 


Only the aortic valve presented the significant and solitary valvulai 
defect, which was characterized in general by a variable amount o 
calcareous deposition within the valve leaflets producing disfoi tion 
and stiffening of tlie valves and, in certain instances, varying dcgices 
of stenosis, insufficiency, or both. A characteristic feature of ll' c 
process was the involvement primarily of the aortic ring, frcqncnth 
of one of the commissures, and, in more markedly involved values, cx 
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tension of the pathological process onto the valve leaflets 0*V- D- 
Rarely did the calcified deposits extend quite to the roe 
valve leaflets, unless the process teas extremely marked. 1 ho alias 
calcification appeared as whitish, or grayish-vlnte nodules, each t ill 
an irregular outline and surface, although at times the surface was 
smooth. In the milder degrees of involvement pnlpalion of the aortic 




margin revealed a firm, irregular, calcareous ring with spicules of 
fte vTveTaflet mg "? "*“* of 

scattered on the aortie'su -Ce'l’f misM ”'*» >» folt 

free margin These no Me “ " c « lw «' c than the 

endothelium, which except fo^i'iT" '' b ° C ° m|,lcW - v co 'cred by 
’ C ' Pt £m lts “regular eontour, contained noth- 
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mg- of note (Fig. 2). Frequently fusion of the edges of the cusps was 
found. In twenty of the forty-two hearts examined, this fusion in- 
volved the adjacent edges of the right and left anterior cusps (Fig. 3). 
In five of these eases, fusion of the cusps was not complete, the process 
extending from the commissure for a distance of a third or a half of 
the width of the edge of the cusp. At times this fusion was due only 
to fibrous tissue, but usually there was found deposition of a variable 
amount of calcium, which, when abundant, seemed to creep into the 
adjacent portions of the cusps and to extend beneath the endothelial 
points on the aortic surface of the cusps. The remainder of the valve 
might appear entirely normal, or a variable degree of thickening and 
stiffening might be present. In five hearts, the deposition of calcium 
occurred between the edges of the right anterior and the posterior 
cusps, producing partial or complete fusion between them. In two 
cases in which the process of calcification was extensive, all cusps were 
fused and were infiltrated with large amounts of calcium, thus form- 
ing a rigid diaphragm in which there was a small irregular opening 
through which the blood entered the aorta (Fig. 4). 

The gross appearance of the valves with the less extensive degree of 
calcification revealed the process to be confined to the subendothelial 
layers of the valve. The calcium was irregularly distributed, and the 
process must have begun nearer the aortic than the ventricular surface 
of the valve, for in earlier stages, when the masses of calcium were 
still very small, they projected onto the aortic surface of the valve 
rather than onto the ventricular aspect. The inferior surface of the 
valve was, in fact, perfectly smooth and regular, whereas the aortic 
aspect presented an irregularly nodular appearance. The endothelium 
appeared to be intact, and no vegetations or thrombi were to he found. 

In the more severe grades of involvement the nodules of calcium 
were larger and more numerous, and were spread irregularly on the 
surface of the aortic valve. "When the extent of the process vas 
marked, nodules of calcium might also appear on the ventricular sur 
face of the valve. Even with fairly extensive infiltration of the cusps 
with calcium it might, however, often be seen that the process sti 
remained confined to the subendothelial tissue. However, not in ie 
quently, there was ulceration of the surface endothelium ovei the 
most prominent nodular areas of such valves. The areas between t ie 
nodules might appear normal or might be somewhat thickened. 

Occasionally the infiltration with calcium extended from the aoitic 
ring onto the immediately adjacent portions of the aorta. The 
ess was never observed to extend far enough onto the aorta to mv 
the orifices of the coronary arteries. 

The degree of stenosis or insufficiency which resulted from 
process in the aortic valve could not always be estimated ^ lon ] Q 
examination of the pathological specimen. In at least tv entv 
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hearts the stiffening ot the leaflets of the valves was , 

it appear that a variable degree .£ slonos.s must tat* ami > 

at least seven hearts the extensive stifl'ening and ealedieation ot til . 
valves undoubtedly produced both stenosis ami msufiie.ionc> . It 
often insufficiency alone existed, it was more difficult to cstimato. 
When all three cusps were involved, and were transtormed into a 1 ifr*« 
diaphragm, the valvular opening might be extremely small, measuring 
in some cases only 4 mm. in diameter. 

In five hearts the process of calcification extended beyond the aortic 
valve into the ring of the mitral valve. When the mitral ring was in- 
volved, the process was either confined to the line of attachment ol the 
aortic leaflet of the mitral valve or the degree of involvement was 
most pronounced in that part of tlu* ring, fading off in degree in the 
remainder of the valve ring. In six other hearts the deposition of 
calcium involved not only portions ol the mitral ring, but extended 



?.■ Extension of calcareous process from posterior aortic valve leaflet onto 
ne an . (1 '’cntricuiar surface of the anterior aortic leaflet of mitral valve 1 the 
aortfc leaflet 1 . atCr,al S Seen as t "° at'Kor-ilUc processes exten<Un K from tin 1 l>nsc of the 


for a short distance onto the ventricular surface of the aortic leaflet of 
the mitral valve (Fig. 5). Calcification of the mitral leaflet,, however, 
usually was of slight degree and did not interfere with the function of 
tie vatve. Even when areas of calcification did exist in tlm mitral 
leaflet, there was no evidence of any other defect in the mitral valve 
The auricular surface of the mitral valve was always found to be nor- 
mal, there was no evidence of preexisting endocarditis 

deltrZsi *” i,,stances ' «1'‘ one, m-enM some 

ciegiee oi scleiosis. In fifteen cases the sclerosis in the coroimrv v « 

sels was slight; m fifteen eases, moderate; in nine cases mirl-orl i 

m two cases, extreme. Occlusion of «mv of tlm i.„. Y ’ ? and 

coronary vessels was not found. ' ? Y >ranclies of the 

The aorta, too, presented a variable deo-i™ , llf • , 
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teen cases, ancl extreme in two eases. In general, the sclerosis in the. 
aorta was least pronounced in its proximal portion. 

Gross examination of the myocardium revealed scattered areas oi 
grayish streaking due to myocardial fibrosis in fourteen cases. The 
extent of fibrosis varied considerably and was pronounced in several 
cases. Evidence of gross myocardial infarction was not encountered. 
Accumulations of fluid in the pleural sacs were found in ten cases. 
The fluid was always clear and straw-colored, and varied in amount 
from 1000 to 3000 c.c. There was marked passive congestion of the 
liver in three cases, atrophy of the parenchyma in five cases, fatty 
changes in one case, and varying degrees of fibrosis in two cases. The 
kidneys presented variable degrees of atrophy in six cases, with well- 
marked sclerosis of the renal vessels in three cases, and infarcts in 
only one case. In the spleen, evidence of infarction was noted in one 
case, and marked congestion was noted in two cases. 

Three cases were studied bacteriologieally. In one case the culture • 
was sterile. Hemolytic streptococci were recovered at necropsy in a 
ease in which the patient died following amputation of a breast. In 
another case in which the patient died following exploration of a 
glioma of the brain, Streptococcus viridans was recovered from the 
blood at necropsy. 

Microscopic Studies . — Sections were taken in each case from : (1) the 
interventricular septum, just below the aortic valve; (2) the left aun- 
cle, just above the mitral valve; (3) the aortic valve, including the 
valve ring; and (4) the root of the aorta. The sections were stained 
with hematoxylin and eosin, and a number of sections of the valves 
were stained for fat with Scharlach red. Although difficulty was ex- 
perienced in cutting some of the sections of valves, decalcification " aS 
not necessary; an old microtome knife was used, and satisfac oij 


preparations were made. 

Sections of the interventricular septum and of the aui'iculai muscle 
revealed, as the most prominent feature, hypertrophic changes in t m 
muscle fibers. Occasionally increase in the amount of interstitia is 
sue was found, but this was never marked. Varying degrees of sc ei 
sis of the myocardial vessels were noted in most sections. In one c< ^ 
there was marked sclerosis and calcification of one of the bianc 
the coronary artery, leading to almost complete occlusion of the 1 11T11 ^ 
Aschoff bodies were not found. With the exception of one c<^N 
cellular infiltration indicative of an inflammatory reaction vas 


encountered. .^j 

Sections of the root of the aorta usually revealed onlv.patholOc 
changes such as are to be found in any group of cases in u ue 
ages correspond to those in our series. Thus, there occuiiec 
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incase in the connective tissne in A. . «■, '***%*%£ 

in some instances evidence of avterioseleros.s and de.n.s.ts or 

ons material. . 

In eight, cases, sections of the „rnximal portion of the nrcl. «> £ 

aorta revealed vavyin s decrees of cellular nddtnt.n.n In ton, . In . 
cases the degree o£ infiltration was extremely slight, e.onsmti , 
small, focal collections of lymphocytes, endothelml leucocytes ami an 
occasional plasma cell. These collections of cells oceurred only in the 
adventitia and usually surrounded small capillaries or were m H«.se 
pvoximitv to them. The smaller blood vessels in the adventitia «» 
these aortas revealed proliferation of the endothelium, which m some 
cases resulted in almost complete obliteration of the lumen. 'Dm 
larger arterioles presented thickening ol the nail b\ fibiotis tissm. 
The aorta in another ease revealed several small foci of perivascular 
infiltration, and associated infiltration in the aortic valve was found. 
This cellular exudate was situated in the fibrous valve ring and was 
composed of a fairly dense collection oi cells, predominantly lympho- 
cytes, an occasional plasma cell, and an occasional endothelial leuco- 
cyte. These cells were collected about the capillaries and were also 
spread diffusely throughout the tissue of the valve ring. Kmhdheliai 
proliferation in the capillaries, within this valve ring, was a promi- 
nent feature. Within the aortic valve, near its base, there was a 
large, irregular mass of calcareous material which was, however, 
separated from the exudative, cellular infillration in the valve ring, 
by a narrow rim of partially hyalinized fibrous tissue which repre- 
sented the base of the cusp. Old, prnclically acellular, and somewhat 
hyalinized fibrous tissue, surrounded the entire mass of calcareous 
material, so that nowhere did it. extend onto the surfaces of the valve. 
A section of the myocardium, in this case, did not present evidence of 
an inflammatory reaction. The perivascular distribution of the eellu- 
lai exudate, and the proliferative endothelial reaction within the 
capillaries, both in the valve ring and in the adventitia of the aorta 
in this case, was extremely suggestive of the pathological reaction to 
syphilitic infection. In a review of the. clinical record in this case it 
w r as noted that there existed a suspicion of previous syphilitic infec- 
tion, but tins could not be confirmed. The patient also gave a history 
of recurrent attacks of “rheumatism.” From the evidence at hail’d 
we look on the histopathological pictures in the aorta and in the 
aortic valve ring in this case as probably due to syphilis. In the 
other cases m which small focal collections of cells occurred in the 
aorta, sections of the valves and of the myocardium did not present 
evidence of an inflammatory reaction 

— - - - *>- 
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gated in one section of the adventitia. There were, in addition, scat- 
tered through the adventitia, a smaller number of small lymphocytes 
and an occasional endothelial leucocyte. Endothelial proliferation of 
capillaries was not observed in this section. Sections of the aortic 



Fig. 6. — (a) Proximal portion of aorta in a case of calcareous aortic valvular dis- 
ease ; perivascular round-cell infiltration in the adventitia (hematoxylin and ersin 
X185) ; (b) intivnal proliferation in the vasa vasorum xvithin the adventitia (van Gie- 
son's stain X175). 



Fig. 7. — Marked intimal proliferation with thickening of the wall and narrowing < f 
the lumen of one of the arteries within the adventitia of the aorta; also calcareous in- 
filtration within the arterial wall and canalization (hematoxylin and eosin XeO). 


valve and of the myocardium did not reveal evidence of inflamma- 
tory reaction; neither was there a clinical history of rheumatic lever 
or of syphilis. In another case diffuse and perivascular lymphocytic 
infiltration in the adventitia and endothelial proliferation in the 
capillaries were associated with perivascular lymphocytes in the 
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tion of the aortic valve in this case revealed also pronounced inflamma- 
tory reaction within the valve ring. Endothelial proliferation of the 
smaller vessels in the valve ring was extremely pronounced; the 
lumina of many of the capillaries were almost completely obliterated 
by endothelium (Fig. 8). In the surrounding fibrous tissue there were 
advanced degeneration of the fixed cells; diffuse, but scanty, infiltra- 
tion of lymphocytes, plasma cells, and endothelial leucocytes, and, in 
foci, proliferation of the fixed connective tissue cells. Irregularly dis- 
tributed within the valve cusp, near its base only, were many irregular 
masses of calcareous material which lay embedded in almost acellular, 
homogeneously hyalinized connective tissue. It was rather striking 
to observe a zone of hyalinized connective tissue constituting the base 



, Fiff. 9.— Cross-section of aortic valve leaflet : calcareous material deposited wi thin 
the subendothelial and hyalinized connective tissue near the . aortic suiu 
cusp; cellular infiltration is absent (hematoxylin and cosin X22 o). 


of the valve, separating the seat of the inflammatory reaction in the 
valve ring from the masses of calcareous infiltration in the valve cusp. 
We were impressed also by the relatively acellular appearance of the 
entire valve cusp, of which the thickened fibrous tissue throughout 
was the site of advanced hyaline degeneration. 

Sections of the aortic valves revealed deposition of calcareous mate- 
rial, varying in degree from only small, dust-like, calcareous particles, 
to massive, nodular infiltration with calcium salts. Where only sma 
amounts of calcareous infiltration were found, they were cliaracteiis- 
tically in the subendothelial connective tissue, near the aortic surface 
of the valve leaflet (Fig. 9). The endothelium appeared to be intact, 
and maintained its regular outline. With more marked degrees o 
infiltration, there was invasion of the middle layer of fibrous tissue iu 
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infiltration in the affected valves; evidence of inflammation was en- 
tirely absent. However, in five of the forty-two eases, sections of the 
aortic valve revealed small collections of lymphocytes and endothelial 
leucocytes in the valve cusps, usually in the base of the valve, in the 
proximity of regions of calcareous infiltration. In one of these sec- 
tions there was in the midst of the lymphocytes one giant cell. A sec- 
tion of the aoxdic A r alve in one case revealed ulceration of the endo- 
thelium near one of the calcareous nodules, and the presence of a 
small, partially organized vegetation in which there were still numer- 
ous lymphocytes and occasional polymorphonuclear leucocytes. 

In Anew of the observation of striking obliterative vascular changes 
in the aortic A r alA T e rings in tAVO of our cases, we directed further at- 
tention to the study of these rings in a number of cases with the view 
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Fig-. 12. — (a) Section of aortic valve ring in a case of c a 1 car e ° usa o rti _ya a a a r 
disease ; thickening of the walls of arterioles anti narrowing of their Hinnna !'an u 
son's stain X150) ; (b) and (c). thickening of the walls of artcrioles vithin th^aoTU.. 
valve rings in two other cases of calcareous aortic valvular disease (van Uie.on . 

X100 and hematoxylin and eosin X215, respectively). 

of determining the possible relationship of endarteritis in the Amssels 
of the valve ring to the pathological changes in the valve. These 
sections of the valA-e rings Avere stained by hematoxylin and eosin, } 
the A*an Gieson method and by the 'Weigert elastic tissue stain. 0 
the sixteen cases studied from this standpoint, only a small n umbel 
showed any striking vascular changes. Not in any case could ^ c ob- 
serve A’ascular changes as pronounced as those noted in the case v n( j ' 
attracted our attention to this phenomenon, the case xve h are ahea( } 
described in detail. IIoweA*er, in four eases there ay as pronounce! 
thickening of the Avails of the smaller arterioles and proportionate n<u 
rowing of their lumina (Pig. 12). Changes in the intima xvere usua • 
not marked, the thickening apparently resulting mainly from P r0 
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liferation in the media. Occasionally we observed endarteritis of the 
capillaries associated with arteriosclerotic changes in the arterioles. 
In one case, the fibrous tissue of the valve ring was hyalinized and 
almost avascular, but there were present whorl-like masses of poorly 
staining, flattened cells, which did not present, lumina, but neverthe- 
less suggested the appearance of completely obliterated capillaries, 
although their identification as such, with certainty, was impossible. 
In other sections the valve ring contained fairly numerous, normal- 
appearing vascular channels, contrasting markedly with sections of 
the valve rings from other hearts in which the connective tissue was 
practically avascular. Although equivocal, these observations of the 
vascular changes in the valve rings merit consideration in a studv 
of the pathogenesis of this form of valvular disease. 

It is interesting to consider why this lesion is so infrcmientlv asso 

eiated with of cardiac failure, oven when it appears to have 
existed for a lou^ time First nf „n u i P * • o aao 
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° 3 f the a0ltlc valve is probably relativelv small exeent in <l,« 
more advanced eases. The best evidence of that fact iZi 

‘-ts with aortic ^ 
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evidence UiafXt fartoreetxiatTadT^r” tl,ere » HttJe 
tac e. There is practically no erijent V° 0t " ,c lef ‘ 
tncles of these patients. The deAyc „f ’"• Voe "" lit « in tha ven- 

be no greater than one wonldovpcTt t„ „ 8rJ ' disC!,sc -PPear, to 

~ the same sex at X T T ™ normal 

80'oup who had abnormally hi ”h l,l„ m,mber of Patients i„ ( ), is 

ss? byp;rte - 

Xixr the “ -: cases ’ - - — o/t,etc: 

—• - 

t£S!r 

m ci Icings 



370 


THE AMERICAN HEART JOURNAL 


the diagnosis is the knowledge that such a lesion can exist and that 
it may be suspected especially in a patient who is more than fifty 
years old, and particularly if the patient is a man. This study indi- 
cates that the observations on physical examination will be those en- 
countered in aortic stenosis or regurgitation from other causes. The 
murmurs heard in these cases usually are systolic in time, rough or 
musical in quality, maximal over- the aortic region but having wide 
transmission over the precordium and to the vessels of the neck. If a 
painstaking attempt is made, it is believed that a thrill at the base of 
the heart can be demonstrated in a large proportion of these cases, and 
its demonstration fortifies the diagnosis greatly. In those cases in 
which regurgitation occurs, the usual diastolic murmur along the left 
side of the sternum will be heard. 

From the standpoint of prognosis, these cases have both a favorable 
and- an unfavorable aspect. On the favorable side is the fairly con- 
clusive evidence that the lesion can exist over a long period without 
producing significant cardiac symptoms. On the unfavorable side is 
the fact that a certain proportion of the patients die suddenly; al- 
though until the time of death they appear to be in normal health. 
Certainly, in general, the prognosis in aortic stenosis of this type ap- 
pears to be much more favorable than that of mitral stenosis. 

COMMENT 

On the basis of the pathological processes observed in the aortic 
valves involved by these peculiar calcareous deposits, one would be led 
to conclude that degenerative processes, probably on an arteriosclero- 
tic basis, played an important and possibly a predominant part in the 
pathogenesis of this lesion. In support of this viewpoint must be 
mentioned the common occurrence of calcareous and hyaline degeneia 
tion of the valves and in some cases, the presence of obliteiath e ^ as 
cular changes in the valve ring, in the absence usually of an inflam- 
matory reaction. When the lesion is encountered at necropsy, the 
subject is usually a male more than fifty years old. 

However, in a consideration of the etiology and pathogenesis, of 
calcareous disease of the aortic valves, it is important to bear in mni 
that the lesions described here, in many cases, had begun inanj jcais 
before. It is obviously difficult to visualize, from pathological changes 
observed at. the end of a disease process, the pathological piocess 
which occurred at its inception. 

The possibility that this lesion may have an inflammatory basis ie 
ceives some support from the observation of inflammatory processes 
in the aorta, in the aortic valve, or in both in eleven of om cases. 
This is particularly exemplified by one case which we desciibcc 
detail, that of a woman twenty-five years old, who presented sug r ^ 
five evidence of an inflammatory basis for typical calcareous uoi 
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apparent in the affected valve and aorta at necrops> • 

If it is assumed that this lesion has an inlectious basis, ion a\ 
possible mechanisms in its production are suggested by the o nerva- 
tions made in this study. 

1. It is possible that rheumatic fever may be the basis of many of 
the eases. According to this view, one assumes that this lesion begins 
as ordinary rheumatic aortic valvulitis and that the calcareous non- 
inflammatory lesion which is usually observed at necropsy represents 
a more or less completely healed lesion. This conception reoei\ es some 
support from a case of typical calcareous aortic valvular disease which 
came to necropsy since this study was completed. The patient, a man 
forty-five years old, gave a history of having had rheumatic fever and 
chorea at the age of twelve years, and he had had rather definite evi- 
dence of a valvular heart lesion at the age of twenty-five years, because 
of which he was refused life insurance. On clinical examination, the 
arterioles of the fundus oculi were normal. Only a negligible amount 
of sclerosis was observed in the coronary arteries and aorta at nec- 
ropsy. It is difficult to evade the impression that there existed, in 
this case, an etiologic relationship between the rheumatic fever and the 
calcareous aortic valvular disease. If this process is accepted as being 
of rheumatic origin, then one must recognize that the distribution of 
the lesion in the valve is certainly unlike that usually observed in 
rheumatic valvulitis, particularly in respect to the freedom of in- 
volvement of the free margin of the cusps. 

2. It is possible that this lesion results from an inflammatory process 
involving the arterioles of the aortic valve ring', leading to endarteritis 
m the nutrient arteries of the aortic valves, resulting in ischemia. This 
process is particularly suggested by the observations in the case of the 
woman twenty-five years old, which has been described. 

Finally, it is possible that marked narrowing and possibly oblitera- 
ion of the arterioles of the aortic valve ring, occurring as a part of 
ordinary generalized arteriosclerosis or as a selective, localized arterio- 
sclerotic process might likewise produce ischemia of the aortic valves 
leading subsequently to degeneration of and calcareous deposits in 
ne va ves. According to this assumption the primary pathological 
S?"* “ tlle «*"» a™ essentially to 

tim i ™ “ 8 T “T - 01 " Sl ° Wly Passive character. This coneep 
logical o£ the path °- 

coimnissures „ f the raly.s, the M orc Ir 



372 


THE AMERICAN HEART JOURNAL 


leaflets than of others, and the peculiar selective extension of the proc- 
ess in certain cases to the anterior (aortic) leaflet of the mitral valve, 
if there should exist certain peculiarities in the distribution of the 
vascular radicles of the blood supply to the aortic valve. Involvement 
of the arteria anastomotica aurieularis magna, as described by Kugel, 
supplying branches to the aortic cusp of the mitral valve, occasionally 
to the aortic valve, to the commissures, and to the base of the aorta, 
might account for the pattem-like confinement of the pathological 
process to certain preferential regions ; namely, the commissures, valve 
rings, and, in certain instances, the aortic cusp of the mitral valve. 
However, more detailed knowledge regarding the blood supply of the 
aortic valves is needed before one can determine their relation to the 
pathological process in the aortic valve described here. 


In the development of the lesion any of - these mechanisms, if they 
should prove to be correct, appear to satisfy certain conditions be- 
lieved to permit the deposition of calcium, in that they are capable of 
initiating degenerative changes in the affected valve. We cannot 
enter here into a detailed consideration of the process of calcification, 
except to remark that aside from the pathological changes in tissues 
which make them suitable soil for the deposition of calcium, there 
probably exist certain chemical or physicochemical factors which 
either favor or impede the process. It is, however, well established 
that under certain pathological conditions calcification is likely to 
occur. Wells wrote: “It may be said. that any area of dead tissue 
that is not infected, and that is so large or so situated that it cannot 
be absorbed, will probably become infiltrated with lime salts. Host 
frequently calcified, next to totally necrotic tissues, are masses of scar 
tissue that have become hyaline subsequent to the shutting off of cir- 
culation in the scar by contraction of the tissue about the vessels. 
With respect to the calcification which supervenes in the process of 
atherosclerosis of the aorta and other large vessels, the views ex- 
pressed by Aschoff are probably most widely accepted. It must he 
recalled that as the fundamental pathological changes in that piocess 
Aschoff assumed the presence of a degenerative process of the support- 
ing substance of the vessel wall, with subsequent processes of precipi- 
tation, especially of lipoid substances, and the subsequent transfoima 
tion to calcium compounds. Although grossly, and in sections stamec 
by hematoxylin and eosin, atheromatous changes in the valves are no 
recognizable, accumulation of lipoid material in association with 0^ 
alinization and calcification is nearly always evident when sections o 
the valves are appropriately stained for fat. Thus the appearance o 
the degenerative process in these valves and in atherosclerosis beai 


close resemblance. 

We can find no evidence to suggest that this process is the end-result 
of healed bacterial endocarditis, although we realize that healing m 
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bacterial endocarditis may result in varying- degrees of calcific, ' 

S ts c»„ M ctiou, it is significant to observe the m re^ of » 1- 
torv su°-°-estive of previous endocarditis, the absence • j . 
tative endocarditis, either active or healed, and the 
infarction in the kidneys and spleen m these cases. ’ 

series of presumably completely healed lemons .1 »" 
carditis is not compatible with our present conception ot this disease. 

Despite the occurrence of histopathological data suggestive 0 P x ' 
ilis in several of onr eases, it is obviously impossible to suggest that 
syphilis frequently plays a part in the etiology of this form of valvular 
disease. Indeed, it is recognized that in the most commonly observed 
valvular lesions caused by syphilis, calcification is usually not a promi- 


nent feature. 

The possibility that the valvular lesion is the result ot thrombosis 
on the surface of the valve, with subsequent organization and calcifica- 
tion of the thrombus, suggests itself. However, in the earliest stages 
of the process, liyalinization of connective tissue, and calcification, 
occur characteristically within the substance of the aortic valve ring 
and in the connective tissue of the eusp beneath the endothelium which 
remains intact. It is only in the far advanced stages of the process, 
when the calcareous deposits become large, that they cause secondary 
changes in the endothelium, finally breaking it, the calcareous material 
then projecting on the surface of the valve. 

More conclusive evidence bearing on the various mechanisms of 
pathogenesis considered here will probably come through studies of 
early eases, eases in which histories are complete and clinical observa- 
tions have been made over long periods of time, and through a study 
of the degree and distribution of calcareous deposits in aortic valves 
associated with undoubted cases of rheumatic mitral endocarditis. 


SUMMARY AND CONCLUSIONS 

Although calcareous aortic valvular disease is relatively uncommon 
it should he suspected more often when patients, particularly elder!' 
men, present certain clinical phenomena which have been considers 
here. Heretofore, a clinical diagnosis of this condition rarely ha 
een made. This is due to the tendency of the condition to cause fei 
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„ 7 1 t0 com Peasate lor. the mechanical circulatory disturbanc 
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Tlie etiology and pathogenesis of this form of valvular disease could 
not be determined -with certainty. Clinical and pathological data indi- 
cate that the lesion in some cases may have an inflammatory basis, 
whereas in others it may represent the result of a noninflammatory de- 
generative process. 

Certain features suggest that ischemia due to diminution of the 
vascular supply of the affected tissues may be the basic pathogenic 
factor productive of hyalinization and of other degenerative changes 
which subsequently proceed to calcification. 

Further study of the blood supply of normal valves, and of the re- 
lationship of vascular lesions to this and to other forms of endocar- 
ditis, seems indicated. 

! 
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partial bundle-branch block: a ™«cal 
nn^mFRATION OF TRANSIENT NORMAL IN IRA 

ventricular conduction in the presence 
of apparently complete bundle- 
branch BLOCK* 


George Herrmann, M.D., New- Orleans, La, and 
Richard Ashman, PhD, Nashville, Ienn. 


B UNDLE-BRANCH block, complete or incomplete or defective intra- 
ventricular conduction, lias long- been considered an inalterable 
disturbance, the result of anatomical changes and therefore a reliable 
sign of very serious myocardial damage. Cases with from slight to 
complete conduction defects are of fairly frequent occurrence, while 
examples of partial or functional bundle-branch block are rare but 
nevertheless do occur in any medical clinic where a large number of 
patients with heart diseases are examined electroeardiograpliically. 

In the majority of eases, the altered mechanism is considered to be 
permanent and complete. Partial or transient intraventricular con- , 
duction disturbances with which this paper deals, are relatively un- 
common apparently because of the fact that in contrast to the situa- 
tions in partial auriculo ventricular block the intraventricularly blocked 
ventricle will promptly receive an impulse from the other ventricle 
under all but extraordinary circumstances. 

Prognosticate electrocardiographic findings indicating defective in- 
traventricular conduction, especially if persistent, are significant of a 
grave myocardial damage. If the abnormalities are transitory, the 
prognosis is much better. This is to be especially emphasized when 
there is any consideration whatsoever of the subjection of a patient 
with such a disorder to any unusual diagnostic or therapeutic proce- 
dure such as intravenous injection or surgical operation. The latter 
procedure is likely, in itself or as a result of the anesthetic, to produce 
blood pressure changes or shock, or further adversely to affect the 
myocardium by depression. 


In the presence of bundle-branch block the heart is laboring under 
the burden of an asynchronous action of the two ventricles in addition 
o the effects of the widespread myocardial damage which locally has 
produced the defective intraventricular conduction. Apparently in 
such a heart m the presence of concomitant depression ahead and re- 
coren behind, as the impulse spreads from the one ventricle to which 
Ij^concluctcd through the septum to the blocked-off ventricle, there 

“s as? of i as- 

375 



376 


THE AMERICAN HEART JOURNAL 


is likely to be established on relatively slight provocation with any 
even slight additional depression a circus rhythm which may result in 
fatal ventricular fibrillation. 

The possible transient nature of these defects which have such a 
grave significance warrants emphasis. The consideration and the rec- 
ognition of the fact that the block may be partial, though usually 
permanent, but that it is by no means always so, is important. The 
temporary or functional block is the result in a large measure of cir- 
culatory, nutritional or oxemic disturbances in the conduction system 
rather than of inalterable organic changes. 

PREVIOUSLY REPORTED CASES 

There have been reported about ten instances in which electrocar- 
diographic evidences of changes in intraventricular conduction time 
have been recorded at different times of observation. After reviewing 
these cases we wish to record five more of this same type. Besides this 
we have had three most unusual cases in which we have been able to 
record sudden transitions from complete bundle-branch block to nor- 
mal intraventricular conduction time for transient periods as the re- 
sult of indirect vagus effects. 

Lewis 1 as early as 1913, found a ease in which transient block oc- 
curred in the right branch of the His bundle during a febrile attack. 
It was noted on the third day of the patient’s illness when the fe\ei 
ranged between 99° and 100.5°. It was absent on the fourth day and 
thereafter. Lewis’ patient, a bookbinder, aged thirty-two years, had 
had dyspnea on walking for six years, an aching precordial pain foi 
months, and a general “seedy” feeling which suggests the possibility 
of his having had a complicating acute endocarditis. The patient had 
an enlarged heart with free rheumatic aortic regurgitation. The elec- 
trocardiographic curves published with this case showed a shift in the 
origin of the T-waves which we might now consider very suggests c 
of coronary disease. Another subsequent curve interpreted as plusio 
logical is suggestive in the light, of recent investigation of an incom 
plete bundle-branch block, which means some persistence of the de- 
fective intraventricular conduction. The QRS interval changed from 
0.13 second to 0.10 second. 

The same patient, is commented upon by Carter 2 as Case 12 in his 
series. Carter’s Case 20 was the first in which the electrocardiogram 
of the individual was obtained before as well as after the development 
of defective intraventricular conduction. 

Cohn and Lewis," 2 in a detailed microscopical study, found no rec 
ognizable pathological lesions in the complete serial sections of t ie 
conduction system of each of four cases. The discrepancy in these 
four instances between electrocardiographic and pathological findings 
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probable contributing factor in the pn-cp.latH.n o the ! 1< -b> and 

block that had been recorded during the Me of the patu nt. 

Robinson,' in further support, of the functional nature oi such 
changes in intraventricular conduction, reported another case in which 
the defective intraventricular conduction was clearly not laser en- 
tirely on pathological lesions. He suggested that the disturbance was 
the result of “functional fatigue” and advanced the hypothesis that 
the interference was due to the accumulation of acid metabolites in 
the intraventricular conduction system. These chemical changes he 
felt, were the result of nutritional disturbances due to sclerosed coro- 
nary arteries and perhaps to other lesions ol the myocardium. 

Krumbliaar 5 commented upon Lewis’ unique case and presented one 
of his own, which was of further interest in that defective intraven- 
tricular conduction was observed in the process of development. His 
observations were of a man, seventy-six years old, with arteriosclerotic 
heart disease and mild anginoid attacks. His first examination showed 
marked left ventricular predominance with a QRS interval of about 
0.10 second and an upright T-3, which signs we would today consider 
as evidence of incomplete bundle-branch block. One month later the 
electrocardiographic study showed complete bundle-branch block 
which persisted and was apparently permanently established. 

Willius and Keith 0 were fortunate enough to observe, three cases in 
which there were conspicuous changes in the degree of the intraven- 
tricular conduction defects. All three of the cases were considered 
to be incomplete bundle-branch block. On the first, observation in the 
first two, the QRS intervals and the characteristic T-wavc changes 
strongly suggest that the bundle-branch block was practically com- 
plete. These authors emphasize the importance of recording Uio.se 
transient changes and explain them on the basis of mvocardial fati-uc 
exaggerated by acute cardiac failure. The first case showed very 

arf tZ ° f T geSti 7 e failU1 ' e - These C » 8CS «Sai» illustrate the 
fact that apparently profound disturbances in intraventricular con- 

hopeful. ffiay 6VaneSCCnt and the Miosis therefore would be more 
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of a persistent slight conduction defect MvocardriT^ T cd cvidence 
he considered a possible precipitating factor in t h! lnforctlon lmist 
some of the other cases ° 1 thls case as well as in 
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Baker 8 observed a case of transient bundle-branch block which dis- 
appeared with a slowing of the heart rate and failed to reappear with 
a rise in rate during exercise in which the administration of oxygen 
was carried out. 

Leinbacli and White 9 reported a rare instance of transient two-to- 
one bundle-branch block, a phenomenon previously observed by Sten- 
strom, whose records, however, are published by these authors. The 
authors do not discuss the two instances of the unusual mechanism 
other than to comment upon the rarity of the condition. 

Slater 10 recently published a ease of three-to-one and four-to-one 
partial bundle-branch block and discussed the theory of the subject 
at some length.*" 

COMMENTS 


This review comprises the cases of transient bundle-branch block 
that appear in the literature up to the present time and to this series 
we will add our eight cases. It is to be noted that most of the pre- 
viously reported eases usually presented defective conduction at one 
examination with later improvement, or less commonly, the reverse. 
The transitions were gradual, a result either of prolonged rest or of 
therapeutic measures or indiscretions. In a few instances the changes 
were abrapt from normal to abnormal intraventricular conduction, a 
result of progressive degenerative changes that suddenly became rapid 
as a result of infection or intraeardiac circulatory disturbances, so 
that the defective intraventricular conduction or bundle-branch block 
was observed in the process of rapid development. In the one case 
reported, infection with fever may well have produced those essential 
temporary changes in the conduction tissues of the primary branches 
of the His bundle, 'which contributed to the transient block. In other 
cases changes in the vagus tone played a part. In some cases cardiac 
infarction as a result of coronary thrombosis has probably been the 
exciting cause. In most of the cases progressive myocardial exhaus- 
tion, anoxemia, functional fatigue, the accumulation of products of 
cell metabolism and congestive failure, were apparently px*ecipitatmg 
factors. 

This all supports the contention of Cohn and Lewis, proved b' 
their careful anatomical studies, that the electrocardiographic fine 
ings are not necessarily dependent upon visible histological dela- 
tions. The branches of the His bundle, just as the main bundle itse , 
may be the seat, of functional conduction disturbances even in the a 
sence of microscopically recognizable pathological changes. 

•After this was written an interesting- paper by Wolff. Parkinson and '' .iip-'brnn'ch 
Heart J. 6S5, 1930) has appeared in which they report eleven cases of du or 

block, mostly In otherwise healthy young people with paroxysms of tacd. esult 0 f 
auricular fibrillation. Abrupt transitions occurred spontaneously or as a - ter . 
exercise or atropinization from bundle-branch block with unusually of 

vals (0.1 sec.) to the normal physiological electrocardiogram with ‘block 

normal duration. Such short P-R intervals during the periods of bundle-on ..„ crpn { 
are not characteristic of our own cases which probably depend upon a 


mechanism. 
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TIIE PRESENT STUDY 

The first, three cases, those which we particularly Avish to emphasize 
in this paper, are unusual in that seemingly profound intraventricular 
conduction disturbances with apparently complete bundle-branch 
block, were observed to change within one beat to complexes of an 
entirely different and absolutely normal contour, with normal short 
QRS intervals and vice versa. The importance of the observations lies 
in the fact that these records are strong evidence that the complete 
intraventricular conduction disturbances may be precipitated bv 
changes in vagus tone and are thus in a large part functional in char- 
acter. It seems highly improbable that anything but a nervous, chern- 
ma 01 acute mechanical pressure change could take place and give 
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to have attacks of severe pain in the chest, which seemed to have been of cardiac 
origin. The attacks recurred frequently during a period of three months and then 
spontaneously subsided. 

In August, 1919, she suffered a heat stroke and had a recurrence of the acute 
attack of severe pain in the chest. Within a month an ulcer appeared on the right 
great toe and persisted for a month. Masses were found in the abdomen for the 
first time, and because of the presence of leueoeytosis and a fever, along with the 
mass in the left flank, the patient was thought to have a perinephric abscess. An 
exploratory operation through the posterior route, however, revealed a normal 
kidney. Further exploration was then done through the abdominal wall anteriorly, 
and the spleen was found to be very large and completely ' infarcted. There was 
practically no normal splenic tissue left, and the organ was therefore removed. 
A left-sided pneumothorax developed after the operation, but otherwise postopera- 
tive convalescence was uneventful. 

Gradual general clinical improvement continued until March, 1920, when there 
appeared an enlargement of the abdomen due to the accumulation of ascitic fluid. 
The intraabdominal tension became so great that the abdomen had to be. tapped 
at intervals of two weeks. At each tapping two and one-lialf liters of straw 
colored fluid of low specific gravity were remove d. The pleural cavities were found 
to contain similar fluid. After a third tapping, a diarrhea intervened, and this 
was apparently sufficient so to upset the water balance that the fluid temporarily 
stopped accumulating in tlve serous cavities. 

In May, 1920, there was an acute left axillary adenitis associated with edema of 
the left arm. This cleared up spontaneously within a week. The patient had several 
attacks of acute gastro-enteritis at varying intervals. The leueoeytosis persisted. 
The Wassevmann reaction was negative, as was also the complement-fixation test 
for tuberculosis. Gradual improvement followed so that within a year the patient 
was able to reassume her heavy administrative duties and suffered only from 
constipation. 

An intense pruritis over the entire body with slight, edema of the ankles in the 
evening was occasionally troublesome. The liver edge remained about 6 or 8 
centimeters below the costal margin. Urine contained a trace of albumin, and a few 
granular casts. The hyperleucocytosis of the blood persisted. A soft systolic 
murmur was heard in the mitral area; the lungs and pleura, however, were clear. 
The evidences of renal irritation entirely disappeared. The ascites recurred in 
disturbing amounts a year after she resumed her work. She was reported to Ur. 
Joseph Larimore to have died suddenly August 21, 1922, two and a half years 
after the first electrocardiographic examination. 

COMMENTS ON ELECTROCARDIOGRAMS 

During the taking of the electrocardiograms we noticed the long 
QRS interval and the diphasic T -waves, the evidences of complete 
bundle-branch block. The downwardly directed complexes of Lent 
III, although here definitely a part of the bundle-branch block causet 
us to try the effect of a respiratory test. This is routinely done bj im 
in the presence of left ventricular predominance to determine the part 
played by the transverse position of the heart. The examination uJs 
made by asking the patient to take a deep breath and to hold i • 
While this was being done and the effects were on, the electrocar i° 
grams were taken. During this maneuver we noticed that a sue ( c 
change in the form of the ventricular complex occurred. The sloe, 
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broacl QRS of the bundle-branch block was replaced by a sharp, quick 
deflection of normal contour and normal intraventricular conduction 
time. The maneuver was repeated several times, and the effects were 
photographed (Pig. 1). We noted that after a period of from a few 
seconds to a few minutes the bundle-branch block complexes invari- 
ably returned. A study of the curves showed that all the transitions 
took place suddenly as the rate, decreased by indirect vagus action, 
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The patient was tlien allowed to return home and to rest for a short 
period of time. When she was to be returned to the electrocardio- 
graphic laboratory, the attendants were instructed to bring- her in a 
wheel chair to avoid the possible fatigue that the walking to the Heart 
Station may have incurred at the first examination. The curves taken 
after the rest without exertion showed normal intraventricular con- 
duction. After mild exercise, consisting in lifting a five pound dumb- 
bell in each hand six or eight times with forward and sideward move- 
ments of the arms, the bundle-branch block complexes returned, and 
the respiratory test caused them to disappear temporarily again. Elec- 
trocardiograms recorded these facts, and examination of the curves 
corroborated the suspicion that there had been an extraordinary 
change from normal intraventricular conduction to a complete bundle- 
branch block (Fig. 1). There had been a change of the reverse char- 
acter with exertion probably due to anoxemia of the conduction tissue 
and a release from the same again on resting. 


Cask 2. — M. J., a negro woman, cook, aged 47 years, was admitted to 
Charity Hospital January 22, 1928, complaining of pain through the left chest and 
in to the back. She had had some dull pain in the abdomen and in the back for 
two years. During September, 1926, she began to notice some distress in the prc- 
cordium, palpitation and shortness of breath on slight exertion. The distress be- 
came more and more marked and was brought about by less and less exertion. For 
some months there had been a distinct precordial distress with radiation to the 
back with the least effort. She had had some morning nausea but no vomiting. 
Swelling of the ankles and feet had been present for the past few months. Oc- 
casionally she suffered from a fainting- spell. She became so incapacitated by 
September, 192S, that it was impossible for her to go up a flight of stairs. 

Her father had died at the age of 57 years, her mother at 46 years of un- 
known causes. She had been married for 28 years but had had no children and no 
miscarriages. She had had no serious diseases in the past but was not sure whether 
or not she had had venereal diseases of any type. She chewed tobacco and snuff, 
used very little coffee and no alcoholic drinks. 


Physical examination showed a huge, obese negro woman, 69 inches tall, weigh- 
ing 190 pounds. She was uncomfortable even in the reclining position. The pupils 
reacted to light and in accomodation. The thyroid and the cervical lymph glands 
were very slightly enlarged. The neck veins, carotid- and subclavian pulsations were 
slightly increased. The aorta was palpable in the suprasternal notch, and there 
was a distinct increase in the retromanubrial dullness. The cardiac outline extended 
3 centimeters to the right and 14 centimeters to the left of the midsternal line. 
The apex impulse was just palpable in the fifth interspace in the midclavicular line, 
13 centimeters to the left of the midsternal line. The aortic second sound was 
loudly accentuated and reverberating; the pulmonary second sound seemed to he 
reduplicated. A soft, systolic murmur was heard at the apex. The blood pressure 
was 212 mm. systolic and the diastolic sustained 140 mm. of mercury. The arteries 
were not distinctly abnormal. The lungs were clear and resonant throughout. 
There was a scar in the midlinc apparently from a previous gall bladder operation 
and drainage of the abdomen. Some tenderness was present over the liver. The 
hepatic border could not definitely be made out. The feet were slightly edematous. 

The laboratory examination showed urine with 1.010 specific gravity, containing 
a trace of albumin, a few casts and epithelial cells. The bloody chemistry studies 
revealed a nonprotein nitrogen level of 33 mg. per 100 c.c., a urea nitrogen of 
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16 mg., a creatinine of 1.2 mg., a uric ackI ° f J^ were hyper- 
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disease; anginal as well as congestive heart failure block 0 f the 

interval O^O "second. The complexes were broad, slurred, ^ T ''^ 
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from the preceding ones. The QliS complexes will. »» intmven ™„l„r Mndnchon 
time of 0.08 second were recorded. Although normal m respect to the length ot 
the QKS interval, the T-l and T-2 waves were sharply negative, and there was some 
slurring in the R upstroke of Leads I and II, and the main deflection was deeply 
downward in Lead III. 

The respiratory test at this time had little if any effect. Exercise, which con- 
sisted of a few squats, caused an immediate return of the bundle-branch block com- 
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any difficulty. She had had measles and mumps as a child and influenza in IMS. 
One attack of sore throat occurred eight weeks before admission. It had been 
considered mild, but it was probably a serious streptococcic invasion. The patient 
had not menstruated for two months. 

Physical Examination . — The patient was distinctly pale and weak but apparently 
not in pain. Her eyes were held closed, and her nose was pinched and her facies 
strained. The pupils were equal and reacted to light and in accommodation. The 
ears were normal and the teeth in good condition. The tongue was coated with a 
gray white fur. The tonsils were largely submerged and showed signs of previous 
inflammation. There was, however, no evidence of an acute infection. Along the 
great vessels of the neck were conspicuous pulsations of a bounding, throbbing 
character synchronous with tlie heart beat. The chest was symmetrical, and expan- 
sion was fairly good and was equal on the two sides. Ho rfiles or suppression of 
breath sounds was noted. The apex impulse was not seen but could be felt over 
all tlie preeordium. There were no thrills. A fairly loud, rough, blowing systolic 
murmur was heard best over the apex impulse and transmitted downward to the 
left and upward over the preeordium to a less degree. The first sound was entirely 
replaced by a murmur. There was also a splitting, of the first sound resembling 
closely' a late diastolic murmur, rumbliiig 'in character. The systolic murmur was 
also -heard at the aortic area, but 'later'- a high-pitched long diastolic aortic 
murmur became conspicuous. These murmurs could also be heard over the great 
.vessels of the neck. Later a to-and-fro friction rub developed and persisted. 

The abdomen was of normal contour and no "masses were felt. On deep pressure 
in the left iliac fossa slight tenderness was found. The patient had a persistent 
fever. Electrocardiograms showed a complete -bundle-branch block of the His 
bundle type. The blood count revealed a secondary anemia and a leucocytosis. 
The urine on October 8, 1928, showed many red cells, and some pus cells, while a 
eatlieterized specimen on October 15, showed a trace of albumin, pus cells in masses 
and also occasional red blood cells. On October 23 there was only an occasional 
pus cell found, and on October 30 the urine was negative;': There was a 40 per cent 
excretion of phtlialein in two hours on October 22. : 

The vaginal examination revealed signs of an early pregnancy. The external os 
was plugged with secretion. The uterus was in a normal position and was freely 
moveable. The tubes were not enlarged, though they were slightly tender. The 
interruption of the pregnancy was considered but advised against because of the 
presence of an acute endocarditis probably of rheumatic origin and of the bundle 
branch block. It was decided to tide her along and carefully observe her progress. 

The blood pressure varied somewhat during the course of pregnancy, from 
120/80 to 100/50. X-ray examination (October 2G) showed the heart shadow 
normal with no evidence of dilatation of the aorta. The lung field appeared quite 
clear. The IVassermann test was negative on October 10. The feces examination 
on April 12, 1929, was negative for ova and parasites. A blood culture taken on 
October 23, 1928, showed a staphylococcus aureus in seventy-two hours with one 
colony per cubic centimeter of blood. A blood culture taken on November _8, 39-4 
showed no growth in seventy-two hours. 

Progress . — The condition of the patient became worse during the first hospitaler 
tion. She began bleeding from the nose on October 24, 192S, and this condition 
recurred several times. On November 9, 1928, she complained of pain in 
epigastrium and also in the left hypochondriac region. This pain was relieved 
pressure. The symptoms of the acute endocardial infection subsided without de uu 
signs of embolism, but the block persisted. She was an ardent Catholic oppose. 0 
abortion and very desirous of having a baby. Because of these facts and especia } 
because of the persistence of the bundle-branch block she was allowed to continue in 
the pregnancy and to go home for a few months beginning January G, 39-9. 
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On retarniag to the hospital for the second time, March 10 the patient com- 
plained of palpitation and dizziness, particularly marked after exeit o - - 
bundle-branch block, however, persisted as did also the signs of va mi ai 1 ■ 
disease, but no fever was present, nor were there any signs of acute endocardia 
infection. The electrocardiographic studies showed a persistence of the complete 
bundle-branch block in all curves taken before April 20. On this date a curve 
taken showed normal intraventricular conduction, but the bundle-branch block ap- 
peared again on April 30. She was observed daily up to the seventh and a half 
month of pregnancy when it was found after she had had good rest in bed that 
she actually had transient periods of normal conduction. 
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sets of curves, however, show greater differences in the intervals. Electrocardiogram 
# 3097 shows intraventricular block with a rate of 100; # 3906 conduction at SS; 
#5057 IV blocked at 01 and #3907 conduction at a rate of 00 per minute. 


SOME OTHER INSTANCES OF CHANGES IN INTRAVENTRICULAR CONDUCTION 


Besides tlie three special cases, in which by respiratory maneuvers it 
was possible to produce short periods of normal intraventricular con- 
duction abruptly following a period of bundle-branch block, we have 
five other eases of high grades of partial bundle-branch block. In 
these, in the presence of partial or almost complete bundle-branch 
block or of defective intraventricular conduction with or without 
other mechanism or rhythm disturbances, there appeared at times nor- 
mal short QRS intervals. Usually in the presence of an irregularity, 
after the longer rest periods and recovery from fatigue there occa- 
sionally appeared isolated or repeated complexes with intraventricu- 
lar intervals of 0.08 second or less. These complexes almost invariably 
followed the longer pauses. Only two notable exceptions occurred in 
cases, not included in this series, with free aortic regurgitation in 
which the longer the pause the greater was the subsequent QRS inter- 
val and aberration. This paradoxical finding is possibly to be ac- 
counted for by the continuation of the regurgitant stream during 
diastole mechanically stretching the ventricular Avail and interfering 
with the propagation of the impulse. The improA-ed conduction is thus 
usually the result of the longer rest period of the fatigued tissue 
which alloAVS more time for the remoA 7 al of Avaste metabolic products 
as Avell as for the completion of anabolic processes Avliieh are probabh 
sloAver in the conduction tissues Avliieh haA r e an impaired circulation. 


This rate change is often, though not abvays, an important factoi. 
One patient had several paroxysms of tachycardia in some of Avliieh 
there Avas normal conduction in others bundle block. 

In these cases the prognosis seems to be better than in those in Avliieh 
the complete block has persisted, but not quite so good as in the cases 
in Avliieh periods of normal conduction can be secured, by rest or othei 
means. The fact that the conduction system can occasionally yield 
normal appearing complexes after slightly longer rest periods indi 
cates that fatigue plays an important part in the conduction distuib 
ances and that rest Avith resulting improved intracardiac circulation, 
oxygenation, nutrition and elimination offers the possibility of icsto 
ration of normal function. 


Case 4. — G. A., a white lahorer, aged GO years, came into the hospital 
26, 1929, because of shortness of breath and rather rapid heart action. H' s s - nl ^ 
toms had begun about four or five months previously when he first began to )C 
troubled by attacks of rapid heart action during which he Avas conscious of cac . 
heart beat. The attacks appeared more frequently as time went on and -were nc 
companied by severe “weak spells.” A cough had been present for sesera 
months, and dyspnea had been noticed on exertion. About a month before a< 
mission ho had become definitely ortliopneic, and had been unable to lie m e 
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Hi, feet and ankles sho-ed some pnffincss 
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92 mm. There were dullness at the lung bases posteriorly and crepitant rales 
throughout the basal area. Edema was present in the lower extremities and up 
about the knees. 

The urine showed specific gravity of 1.010, albumin, no sugar and occasional 
hyalin casts. The P. S. P. excretion was 20 per cent in two hours. The "Wasser- 
mann test was negative. The blood chemistry showed an NPN of 57 mg., creatinine 
2, uric acid 5, and blood sugar 74 mg. per 100 e.c. 

Electrocardiograms (Pig. 4) taken on admission, March 20, 1929, showed an 


auricular tachycardia of 134 per minute and a QBS interval of 0.06 second. The 
same disturbance was present on the following day and on April 6 there was a 
drop in rate to 120 to 100 and distinct evidence of defective intraventricular con- 
duction, with a QBS interval of 0.12 second and a P-B and a suggestion of impure 
flutter rather than paroxysmal tachycardia. There were changes in JT-waves, short 
paroxysms of rapid rhythm and an irregularity resembling two-to-one and three-' 
or four-to-one block. Curves taken the next day showed an intraventricular conduc;-;: 
tion defect with regular rapid rhythm. The apparently complete bundle-branch 
block complexes were short, blunt, and broad, simulating those of arboiization 
block. The same condition was present on May 24, intraventricular block being 
of the ordinary type. On July S there was a return to the normal narrow ven- 
tricular complexes measuring 0.06 second with a presence of the amieulai tachy 
cardia persisting. The same conditions were found on July 11- On July 30, the 
electrocardiograms presented a bundle-branch block of the ordinary type with a 
QBS and a P-B interval of 0.16 second. Frequently ventricular and auricular 
ectopic beats were seen. In another day the complexes were distinctly blunt a 
shorter. Four days later these slight changes were still present. Aftei tie.itmc 
the hospital for a month the electrocardiograms on August 30 showed per . 
normal ventricular complexes with a QBS interval of 0.06 and slight y v e cc 
auriculoventricular conduction time with an increase of P-B internal to 0—6 sec 
and occasional blocking. The next day two-to-one block had derclopu, " n 
changes in the T-waves were more marked. Occasional ventriculai ectopic >eu s 
premature contractions appeared. The patient was discharged Horn t ie ' 0 ^ 
considerably improved and remained in the Convalescent Home foi a s ,or 
On December 30 he was brought into the hospital in extremis with conges ne ^ 
and died the same day. The diagnosis had. been arteriosclerotic and chronic 11 ^ n( .^ a 
heart disease with congestive failure apparently precipitated by influenza, 


of paroxysmal tachycardia and bundle-branch block. 

Case 5.— M. J., a Syrian, aged 65 years, came into the Charity Hospital 
27, 1929, complaining of swelling of the feet and shortness of biea l * • ^. g 

had been present since an attack of influenza four months previous • ^ 

illness he had been confined to his bed for two months with chills mi palpitu- 
seeined to have been relieved somewhat by remaining in bed, but lie sti u ‘ ^ cr 
tion and slight pain in the region of the heart. These troubled him cspceia * 
the eating of a heavy meal. Occasionally he was nauseated and mini ci ^ ^ )C 
material. Nocturia disturbed each night's sleep four or five times, - we tl mcs 
feet had been present for about three months, and had been quite se\ l j ie xtnte < l- 
when he attempted to get up and remain out of bed. He was totally mc> 1 
He had taken only small amounts of digitalis as his only treatment. 
no serious illness in the past. Two of his children were living, am on 
of unknown causes. TIis father had dropped dead, and his mother ia j icar t. 
died of heart disease for she had suffered from dyspnea and pain in 

On phi/sical examination the old man was found to be of sthenic >• 
indies tall, and to weigh 122 pounds with very little paiinicultis. I e " .| g 

on his back apparently comfortable, exhibiting no dyspnea or cyanosis. jj ivr0 ; ( ] 
reacted properly; all of his teeth were missing, no snags were present; >c . 
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spumous emphysema of the chest, Mere distant, ami no dcfimte n.urmn s cot.lt . e 
made out. The arteries tvere slightly thickened; the blood pressure «as 10o mm. 
Hg., systolic and 70 diastolic. Aside from emphysema the lnngs presented nothing 
abnormal. The vital capacity was 2,000 cubic centimeters. 
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sional ectopic beats were present; here and there one was preceded by a dear cut 
P-wave suggesting a supraventricular origin with intraventricular block duo to the 
persistence of fatigue as brought out by the prematurity. T-waves were negative 
to a great extent, and in Lead I and II there was a slight S-T segment shift from 
the iso-electric line. The electrocardiograms taken the next day showed the ven- 
tricular complexes preceded by P-waves to be predominating, and the more normal 
appearing complexes of a QKS of 0.07 second occurred only after long post- 
extrasvstolic pauses. There predominated ventricular complexes of the ordinary 
bundle-branch block type, with the QBS measuring 0.16 second, a deep notching 
at the top and dipliasically directed T-waves. Respiratory maneuvers apparently 
had little effect on the bundle-branch block. "With complete rest in bed there was 
a return to normal appearing complexes. The patient was discharged distinctly 
improved and has been lost track of. He has not yet responded to the follow-up 
card. ' 

Case 6. — Mrs. E. P., housewife, white, aged 62 years, was admitted to Charity 
Hospital October 12, 1928 because of dizziness and pain in the heart, swelling of 
the abdomen and feet. The symptoms had been present for about three months and 
apparently had been precipitated by an acute respiratory- infection. Cough had 
troubled her, with expectoration moderately free. She often vomited and felt 
nauseated after an attack of coughing. Her sleep has been disturbed as often 
as twelve times by nocturia with, however, the production of only small amounts 
of urine. Ankles and abdomen had become swollen shortly aftei the onset o 
the respiratory infection and cough. Palpitation and shortness of breath had been 
noted upon slight exertion and later even on eating and drinking. Dizziness an 
pain in the preeordium region were noticed by the patient whene\ er she turnec 
on her left side in bed. She had not been able to do any- work for se\eral ^'cc'S- 
The physical examination revealed a white, French woman, 66 inches in heig > , 
weighing 160 pounds, of sthenic habitus, in a state of poor general nutrition, 
distinctly breathless even in a sitting position. Ptery-gia were present in 0 
eyes; the pupils were contracted but reacted to light. There were many missing 
teeth and several infected snags remained. ,, 

The apex impulse was felt in the fifth interspace, 12.5 centimeters to t ic e 
of the midsternal line. The aortic arch was not palpable in the supers erna 
notch; no abnormal pulsations were seen. The retromanubrial dullness measu 
5.5 centimeters, and the area extended 3 centimeters to the right and 11 
meters to the left of the midsternal line. The heart was rapid, 1-8 per n • ^ 

X timorous runs of rapid rhythm with premature beats were noted. The firs^ soi u 
at the apex was abrupt and prolonged; the second sound at the base, re "P 1C ^ ^ 
The pulse was small, soft, rapid, and there was a distinct deficit of about 
between apex and radial. Blood pressure was systolic 130, and the dias o ic 
94 millimeters of mercury. The peripheral arteries were not definitely sc C somc . 
Definite rales were found at both lung bases posteriorly. The lungs uerc 
what distended and emphysematous. . , 

The abdomen was greatly- distended by a marked ascites. A distmc y 
edge of an enlarged liver was found. There was slight edema of the extrcnn ^ 
Urine showed 1.020 specific gravity, contained 3 per cent albumin, no sugar . 
casts, and only a few pus cells. The Wassennann reaction was negative. ^ 

Electrocardiograms (Fig. 6) taken on October 12 showed a high ^ r ‘ 
auricular fibrillation, short, blunt, broad complexes with defecthe intn-n en ^ 
conduction. The QRS intervals measuring about 0.12 to 0.14 second. eca '^ ^ 
premature contractions with a QTJS of O.S second were seen. The curves 
following day- were quite similar. After three days’ rest in bed the comp e ' 
not so blunt, and the Q1?S intervals measured 0.06 to 0.0S second, the rhy 



„,, v . ,.VK T 1 \ 1 . m!XmA>«KAN(Ml HI.Oi'K Ml 

HERRMANN AN» ASUMAN : AU 

. , , Is \*o <Wmito l’-wwe* 

quite regular except for ^ Abroad complexes in *«.«« «» 

On March 16, 1020, there was .1 f cturn d from „. os .second to M\ second, 

the curves taken. The QTt- inC J'“ s v . u . k(1 irrogl ,i,irlv with occasional ectopic 
The interval length lor the mos ■ • ‘ rhvthm which was apparently of 

zrsz »r. w « <*- — «""** 



intikisivnBunovn t 
■ »»«Piit»scsf*«»ccaEf J B *f f 


»•»* jr «►»«««* * ** 

ft to* ft aAC *» M * * *.*»*, 


V 

X ■ I $ah **t W 9k » « W 5 K *U« t 


i tan** • «”F-»-r -• 




, J'l ^.fMVL 

,.*•*««***.* *»*»«* 

* * t. t>M » 0 rtorse 
*•«*,*> I***-* 

«» 3«1 ♦ * * ¥ 



*?*•*• * f v-» * 'tvh.j • 

"-f « v-rf- . ** ■ ' -*\ a * . 
crRr sensr-ras: 

3 J* 3 t*f 5 lKft..*c 
^C-s“i‘tr * li? 
pthMH'.,' * V 


•***' 





<S9 

, 1< . w*.». -, **»»« 

f ti rit.wcx'-c 7 

r 

sr?»»”*fcc-et!*rve^rv "*•*.>?! *_'.*** *V.2! 

S~5?£? S«>I*ea*B«*n*ienB ; B«Tii*fcs«i?e»5‘s>'.t v*s5^^rvv 
cKckfH y« 


ir-»i 


1 ite ■ • r • f 

■ fc. a # 3 * ft ft p if ft * « 


■St'* ’“e * *** * w* pftp? 4 

>t * f 

■e.n ^ j| 

.... «*<u 


{fc5*«e ? «Sn5s Jre« ? S i£5*i « **3 ft" ysstureo 

fKi>? 75 »sr»e**Rt:veR't«'Sv<'fc'Rsac».<-^.»rr*< 


r «?rr-r 


rnr ,-*.»*•*& y. * r s a •**«»>»«*• w t - 1 * t* **:*.•< + s * n * + 

t. 'tli'v t,f f »»*»'<-» »i*»K f«,i - '»vi >«*M 

* * * r ■ - <i # -t 4 

;»- « < >»r , vf,'«iaMnj*n»it *-a* * « r> e ■; r r p * , v ■* u ** v« 

r«r* - • * * - • - .. . ■ - •• -*■ 


• * 


*:y 




jhii-nm, e» '»st£fc« r.Miii'*rJ>:ci • fzkui js*i. t r-'*r. »s 

a«»yr.*rwtt c*t*irt»r»,iar"TT;;r« sjr*r?i-. 5 fit,-«e-f 


..j** e *••-**“• 


it 


*•**»!»***'* 

» *o 

. . rr,ar»n#r»i. 5 cft*f 1 

ksr.ar »«»«* XHfStlt n i:n*it»,’inun.i'fi-.w**r«*«»*&c»«/n,ry*yi*t(»n*i»VfsSf. rc»' 
i»« 9 Natcts trx.^ 9 •s« 9 ,» 3 ^«^*•*:’ 9 r: «»r«rtrr:*r.’iisir.V'*»i'St *•»•»<•*' j;>»tvu»*r»iX' 

r.csztevxi arcafinieREernEiutvriiersrrffr.f'.ttri^l'i'rKiurcai.-t yjrnM»!.-» , rf' *< r 


V #« t * * » 

tt'x 

*tlT I'UV/’I'*, 


rt v » r ► * ► e rf . t * > .. 1 , 4. 




■* » v re'n>? «*< »»«, 
*»r/i fs« 


1 


l tMxrjxM!*ierstnr«sv 6 r.»:i,f',(n'!y« , j«fn«'.* 

EC«»t;fci» •• Tssr*-v 9 ;*t.»t? n 

•SB ” ' ' ’0«t » * IM 1 






»v — « «• n < 

■'t»n“'iv*rl*'!' 1 v 4 * i c 
' ♦ r.» «"* ►. r ft i ''*> is r * *■« 


t ~ 


. . v v 




... ** v 

ir* , -»»f »t ett 

erp*:e #«f<i ierr» 

«*!*■ >rw iiKetki&iiRn^t .... . . 

4-sitip, 4tfB»’Cf,3i'iS35!a*:f’f». »«ttsRycfciiaa<» u-t's(Si>rrtiir’ «t«a>k>ut 

(Tsifiiijpra &£ sca{>ifti jsrt nunc u br ib ^ c s. u ui» . , , 

!V*h 


** '* » *. * , + t* 

( t ■ tmYv*. it «!««■• •, •»’-* i* ««)»(**«« 

; t i»»« aiine/uyt*,, *fcrvt .^iv: 

*« ft ■* t « > V . v .. » 

t-lte ♦*?•»» " 


pM» (, c t wa v a k i. ti’Bikrcri-e^svr.’.v. t'.a *, *» i» t 

Sh»s£iSfr'rt‘A»^_5i>s.i l^vb^j »» i : r;tr ke 77 5 







- : ,ivA 


tr*t:Pp»..Mir.»R 9 r ? 3 S;t.'>?.rtl^M•npakr:^iJ» , •rcr. pr* «»*.»*•■ t :iis''pi't 8 ,i> 

'* *12* ' ’ <- • * »**»-«»#*vclcrV!p*re*- «*<c 

*2 b' '9 


. * ^ <• • * .vuitik.w ..m , 1 

****>•» kpena»nKi:B*»ici . t 

fi5I2?2 ■***!? • **" * rs * »r«**«*«tai!ae*a •iiuver' , »u»B.u> . * 1*1 

ffS 5 I W 5 *£ . tL*’’* *• R N r w ft » it. ft # » » 

CJ252»Kr2£!£Sf^?S**** fcnwK.T»gL't ri. ce^t ?*s .-•'»{ tr, 

E«iM»haaMMk2222222* gf f# »gngga»air«i>i P«p*#upei!CRaj'e<4KKn;i vr ir-t. unto* 

£l”22*£12£i£22S222£! *'• ft r.r«i>p 

“ J HfjnffSnBsntroriKS'crcsirt-kvsfarRnr.Riit.e 

' 


>■ * V t«c,c« 0*1 
sO«, * »ns * * 

( ■* 1 ’ ^ 


»-•»>»» 




[. 


I K 
1 t 

UU.s.llBI 


J ft * -» * «. * * » «w 
' rennMfi 

.... .- 

4 ^ tf t »,*.•. 4' # i 1 - ftiTJsVft 

♦ Bnayy, ••# ft >s . a .» ./ *.*»*»;.?« 

y*rn'kt<?Ti>j(.tr|ifp>, - 





Fig. e.-Case C. Loads from above rtovnwg ], I. n. II. m. m. Keep lnspimtlon 

shorter and more blunt. This was especially marked in the verv low, broad, blunt 
c nplexes of March 5, G, 7. Bizarre complexes were frequently seen among the 
many premature contractions. The patient failed to improve much but was dis- 
charged and died about one week after her return home. ‘ ' 
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of rest in bed even without medication. One year after the onset, treatment with 
digitalis was started and continued irregularly from that time for the next vear 
and a half. Frequent periods of rest in bed were necessary. 

The family history revealed the facts that the patient’s mother had died at 
G3 years of "heart trouble” and his father of "dropsy” at the age of 53 years. 
The patient had had mumps as a child and pneumonia at the age of twelve. Gonor- 
rhea contracted at the age of 25 completed tire list of past diseases, lie was 
married at 21 years and was the father of 12 children of whom there were 7 living 
and well. There had been no miscarriages. 

The physical examination showed an hypersthenic individual weighing about 
150 pounds and measuring about 64 inches. The pupils reacted to light and in 
accommodation. The tonsils were small and red. His teeth showed pyorrhea 
and some caries. The aortic arch was barely palpable in the suprasternal notch, 
but there was evidence of dilatation of the aorta. The apex beat was in the fifth 
interspace outside the left midelavicular line. The heart rate was 50 and the 



Fig:. 7. — Case 7. Auricular fibrillation with changing intraventricului conduction 

especially in Lead I. 


rhythm irregular with many premature contractions. There was a soft right ,a ^ 
systolic and a very soft apical systolic murmur just within the nipple hue. 
arteries showed moderate arteriosclerosis. The blood pressure v as sj stoic ^ 
millimeters of mercury and diastolie 90. There were moist rales at the rase, 
the lungs. The abdomen was full and soft.- ^ 

The urine showed a specific gravity of 1.013 and was negatne except to 
presence of many hyaline and granular casts. The P. S.'P. excretion was ’ ^ 

cent. The Wassermann test was negative. The blood chemistry showed rioni ^ 
nitrogen -14.4; urea nitrogen 23; creatinine 1.42; uric acid 4.44; and b 00( ^ 

10S mg. per 100 cubic centimeters. The hemoglobin was 80 per cent,. tj ie rc< ^ 

cells numbered 3,281,000 and the white blood cells 4,000 per cubic millimeter 
differential count showed: small mononuclears 26; large mononuclears >, 
neutrophilic polymorphonuclear cells OS. . 

The first electrocardiogram (Fig, 7) taken April 16 showed auricular 
left ventricular predominance, questionable defective intraventricular c 
with a QRS of from 0.06 to 0.0S second. The heart rate was slow, 56 ,ca 
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broader complexes and greater aberration after longer rests. On April 2(5 the rate 
was 88 and the QBS O.OS and there were rarely broad complexes with i.bernation 
Auricular fibrillation persisted, and on dune H with a rate of 110 to 120 the QBS 
measured never more than 0.08 second. Left ventricular predominance with a vise of 
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Case 8. — Mrs. M. A., a white housewife, aged 57 years, came into the Heart 
Station of Charity Hospital June 10, complaining of shortness of breath, palpita- 
tion, dizziness, pain in the left arm and swelling of the feet and ankles. The 
symptoms had come on insidiously, and dyspnea had become noticeable two years 
before admission. The vertigo was troublesome for three months and the pain for 
six weeks, previous to the time she presented herself for treatment. Paroxysms 
of dyspnea and palpitation were noted even at rest at times, but always on exertion. 
The pain in the left arm was precipitated by effort and excitement and extended 
from the shoulder to the elbow. It had been sharp at times but was for the most 
part dull and of short duration. She had never had an attack of syncope but 
had felt weak and faint at times. 

The physical examination revealed an obese middle-aged woman of sthenic 
habitus moderately orthopneie at times and with a slight tinge of cyanosis. The 
teeth had all been removed. The thyroid isthmus was slightly enlarged. The heart 
apex impulse was felt in the fifth interspace 10 centimeters to the left of the 
midsternal line; the aortic arch was not palpable in the suprasternal notch. The 
cardiac dullness extended 3 centimeters to the right and 12 centimeters to the left 
of the midsternal line. The teleroentgenogram showed an arch of 4.6 centimeters 
with a transverse and longitudinal diameter of 16 centimeters each. The heart 
rhythm was irregular with premature contractions appearing regularly after every 
other or every fourth beat at times. The aortic second sound was accentuated. 
Xo significant murmurs were heard. The blood pressure was 162 mg. Hg. systolic 
and 88 diastolic. The peripheral arteries were not appreciably abnormal for the 
patient’s age. Tlie lungs were negative. There were only a slight tenderness in the 
liver region and a questionable edema of the ankles. 

The urine was of 1.010 specific gravity and contained no albumin or sugar or 
casts but a few pus cells. The nonprotein nitrogen was 33.3 mg. and the blood 
sugar 7S mg. per 100 e.c. of blood. The blood Wassermann test was negative. 

The electrocardiograms (Fig. 8) showed frequent ventricular premature contrac- 
tions producing a trigeminy most of the time. A closer study of the narrower 
supraventricular complexes revealed distinct changes in the QKS width and especially 
the breadth of the S-waves. After the longer postextrasystolic pauses the QRS 
interval measured about 0.07 second, while after the shorter pauses the QRS interval 
increased to 0.10 second and when the rate was increased, abolishing the ectopic 
beats and compensatory pauses, the QBS interval broadened to 0.12 second. In 
Lead II this state of affairs was present throughout. In Lead III the changes 
were less readily observed but were nevertheless clearly present. The findings 
suggested a degree of partial, perhaps incomplete, bundle-branch block in which 
the conduction was at a critical level such that slight changes in rate and the 
length of the rest period were sufficient to cause sudden and pronounced changes 
in the intraventricular conduction time. This change was sudden, of an all-or-nonc 
character, and the partial intraventricular disturbance, even though slight, was o 
Type II of partial intraventricular block. 

THEORETICAL DISCUSSION 

A consideration of certain physiological matters is essential ade 
quatelv to present our point of view concerning the mechanism of ps 1 
tial bundle-branch block as the intraventricular counterpart of partia 
A-Y block. It will be necessary for the sake of orientation to discuss 
in detail the theory of A-Y block. 

Much evidence has accumulated which indicates unmistakably that 
the fundamental phenomena of conduction are everywhere the same, 
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be a part of the anriculo-venUlcntar 3 »neUon the »n<n.k» ^ ^ 
the ventricular muscle, or the Pmkinjc ■ 

widely accepted, 

TMoS“l92M928., Straub a^Kleemann,^ 101.7). 
phasis and which are still not generally nnderstood. 

Auricula-Ventricular Bl och 

Wenckebach lias recognized and described two main kinds of AA 
block, named by Mobitz 15 * Type I and Type II. Each, of course, may 
appear in variously modified form. But, for clarity in discussion, we 
shall briefly characterize the essential features of each. The first type 
is the one ordinarily regarded as typical of heart-block, show ing as it 
does the occasional or more frequent dropped ventricular beats; the 
comparatively rapid, often apparently normal, conduction of the fol- 
lowing auricular impulse; and the more or less gradual prolongation 
of subsequent P-R intervals until an impulse fails to reach the ven- 
tricle and another beat is dropped producing “Wenckebach's pe- 
riods.” In the severer stages of this type, we observe 2:1 or more 
rarely the higher grades of block or complete block. 

This type of block is now comparatively well nnderstood. An ex- 
planation similar to that offered by us lias been adapted to the various 
sub-types of block in an interesting paper by ScherfA W T enekebach 
and Winterberg’s 14 conception of the mechanism of Type I block is 
much the same. Beginning with the dropped heat, the explanation 
previously advanced by us is this. The auricular impulse that is to be 
blocked penetrates the junction to a given depth and is blocked at a 
transverse plane, B. Because it is blocked, the tissue distal to plane B, 
not having responded, has extra time for recovery. The next impulse 
from the sinus consequently finds the region C, immediately beyond Ji, 
responsive and is, therefore, transmitted to the ventricle. The third im- 
pulse finds C depressed because of its previous response, and is trans- 
mitted more slowly. The fourth impulse finds C still more depressed 
effher because of cumulative fatigue or for some other reason, and 
consequent y either fails to cause a response of C, or is transmitted 
1 11 more slowly. Sooner or later unless the factors leading to recovery 
of C balance those responsible for its depression, another impulse must 
fail to reach the ventricle. In the most stable form of partial b 3 
•1, C is capable of responding only to every other impulse 

II It woulTbe 011 “ d lmderSt00d varie *y ^ A-V block is Type 
? w . ould ke . premature to attempt to explain it W ' 

examine its outstanding characteristics nw 1 i \ but WG lna - y 
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the A-Y interval at the time of transition from one stage of block to 
another. The A-Y intervals remain constant throughout, and, in per- 
haps the majority of cases, within normal limits. Although protean 
in its manifestations, it is in cases of block of Type II that we com- 
monly see abrupt transitions from apparently normal conduction to 
temporary complete block or the reverse. ; or two or more successive trans- 
missions of the auricular impulse to the ventricle followed by two or 
more successive failures, these occurring in irregular sequence. A 
good example of the latter is illustrated by Mobitz. 12 Abrupt transi- 
tion from an apparently normal mechanism to complete block is well 
shown in Case 4 of Wilson and Herrmann 21 and by Ashman and Herr- 
mann. 17 This is the form of block which finds its counterpart in intra- 
ventricular conduction in the eases herein discussed, where there is 
abrupt transition from seemingly complete bundle-branch block to 
normal intraventricular conduction or the reverse. Whether or not 
the latter block Avas actually complete is, perhaps, questionable, as 
Avill be mentioned below. 

Scherf 13 has made the interesting suggestion that in A-V block of 
Type II, Avhen the conduction time for impulses passing to the ven- 
tricles is Avithin normal limits, the damaged or depressed area in the 
conducting patliAvay is practically limited to a plane cutting trans- 
A-ersely across the A-Y node or bundle. Thus, Avhen the impulse does 
cross the extremely narrow gap, the loss of time is negligible. This 
explanation is in complete harmony Avitli the converse conception 
Avliieh Herrmann and Ashman 18 had expressed to account for the phe- 
nominallv long conduction times, ranging up to 1.01 second in one of 
their cases, namely, that a A T ery long A-Y interval is the result of a 
great breadth of injured or depressed tissue through Avhich the im- 
pulse must make its Avay. They also stated that a shorter conduction 
time, other things being equal, argued for a shorter stretch of de- 
pressed tissue in the conducting patlnA-ay. 

Intraventricular Block 

We are iioav in a position to inquire A\-he tlier, in intraventi iculai 
block, Ave may recognize the counterparts of Type I and of r.'P e 
A-Y block. One of the chief problems Avhich confronts us is to ex 
plain Avhy a sequence of eA’ents similar to those observed in paitu 
A-Y block of Type I Avitli “dropped beats,” has never been observe! 
in the human case. We cannot look for the ansAver in a fundaments 
difference between the physiological properties of the bundle or 
bundle-branch tissue, and the A-Y junction as Alobitz 1 -' 1 belieAed, a 
rather in the differences in the anatomical relationships and com l 
tions. Substantiation of this A'iew is found in experiments of Schei 
and Shookhoff. 10 After cutting the left bundle -branch and tempo 
rarilv compressing the right, regular Wenckebach periods, i.e., h' P 1Cl 
3:2, 4:3 grades of heart-block, Avero recorded. In discussing the ica 



PARTIAL -BUNDLE-BRANCH BLOCK 397 
HERRMANN AND ASHMAN . lAlUlAU 

sons for the rarity of partial ‘ ’ 

rltter. Here the impulse, sweeping normally through the opposite 
ventricle, penetrates the septum and activates the ventricle whoso 
bundle-branch is damaged before that ventricle can be reached by the 
impulse delayed in its own branch. When, and if, this latter impulse 
does reach its ventricle, the tissue is refractory. The electrocardio- 
graphic picture is that of complete bundle-branch block. To quote a 
recent paper by Slater 10 “innumerable cases which are called com- 
plete bundle-branch block are in' reality incomplete bundle-branch 
block.” And further, according to Slater, “there is a matter of only 
0.035 to 0.05 second for the play of the various types of incomplete 
bundle-branch block to make itself manifest.” “This latter fact,” he 
says, “is what has made it so hard to find clinical examples of the 
various types of block to correspond to those of the A-V block. ’ ’ 

Let us apply this conception to a hypothetical 4:3 bundle-branch 
block, of Type I which, but for the reason Slater gives, would resemble 
, typical 4 :3 A-V block. The first impulse will pass the defective 
bundle-branch with little or no delay. Thus, the ventricular complex 
is of practically normal form. The next impulse, however, to judge 
from analogy with A-V conduction, is considerably delayed. The cor- 
responding complex is, therefore, typical of those of complete bundle- 
branch block. And the same thing will be true of the next two com- 
plexes, in which the delay is even greater. The fifth impulse, however, 
goes through, and again we should expect to see a complex of rela- 
tively normal configuration. The result will be an electrocardiogram 
in which every fourth QRS is relatively narrow, the others broad. 
This is precisely the type of electrocardiogram Slater publishes. His 
figure may, therefore, represent 4 :3, 3 :2 partial block of Type I. On 
the other hand, great, progressive prolongation of the P-R intervals in 
partial heart-block with dropped beats is not always seen And ex- 
perimentally all degrees of prolongation of conduction time are seen 
in compression block, from those in which block occurs with hardly 
measurable variations m the intervals to those in which the prolonga- 

Ti .7 V< *T ° U JS extreme ( AsIvmau > unpublished observations) 
lere ore, unless there be some explanation other than that of Slater 

— v r r s mi ** ^ 

£ rr v\ ev 4 1 3 * 

P ° int ° ut oamwt " C’Pe! 
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that the same heart at other times presents the typical picture of one 
or the other type of intraventricular block. Leinbach and "White 9 have 
reported a very clear example of 2:1 partial bundle-branch block and 
one from Stenstrom, 27 and other illustrations are to be found in 
Wenckebach and Wintei’berg. 14 It is impossible, of course, to say 
whether they are of Type I or Type II. 

It is generally stated, and there is no reason to question the state- 
ment, that 3:1 block is the stage following 2:1 A-V block of Type I. 
That it is rarely seen is a consequence of idioventricular activity. The 
ventricle rarely waits fox' the third impulse to come through, but 
escapes and thus the electrocardiographic picture of complete heart- 
block is seen. In the bundle branch, however, if the arguments of 
Slater tell the whole story, there is no apparent reason why partial 
2 :1, 3 :1, 4 :1 or even higher grades of block should not be seen rela- 
tively frequently. The electrocardiogram, of course, should show 
moi*e or less frequent, relatively normal, ventricular complexes, each 
pair separated by one, two or more complete bundle-branch block com- 
plexes. It is manifestly impossible to prove that Slatei* s case docs not 
represent just such a mechanism, i.e., 3 :1, 4:1 block of type I- 

At the same time, howevei*, a third possibility exists. Slatei s elec 
trocardiograms may, as he himself believes, portray a 3.1, 
of Type II. But it is quite impossible to decide with certainty between 

these three explanations. 

It should now be evident from oxu’ discussion that the axguments 
advanced by Slater do not satisfactorily explain why paitia ^ unc 
branch block, demonstrably of either type, is such a raritj . 
physiologically satisfactoiy answer is given by Wilson anc e 
mann. 20 In contrast to the situation in partial A A 0C v ’ 
region of local depression in bundle-branch block is leaciec i 
both sides by the impulse, first through the branch fxorn a o\e a 
little later from below by the impulse from the opposite \entiic e. 
consequence is that every impulse finds the physiological sta e 0 
depressed region the same. Excepting under unusual encums a 
therefore, there is no possibility of variation in the be nnioi o 
region, ox*, in other woi*ds, of the appeai’ance of partial b oc v. ‘ ^ 
block of Type I can only appeal*, as we have pointed out, v ial1 
part of the conducting pathway periodically fails to respon an , 
fore, gains additional time for rest and l'ecovery. Appieciation o ^ 
point of view will enable one to see that the other aigumen s 
plain the rarity of partial bundle-bi*ancli block are supei uous. 

However, physiological states and structural relationships o ^ 
pressed and nondepressed segments of the bundle ^* anC * pype 
imagined which could lead to the appeai’ance of partial oc ' 0 • W cc . 
I. For example, a condition of irreciprocal conduction or ui^ ^ 
tional block may be present. Ashman and Hafkesbnng, using 
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tricular strips from the turtle heart, demonstrated that an impulse 
ffiay pass a depressed region, if it travels first through normal, then 
enters strongly depressed, then slightly depressed and then reenters 
normal muscle. But if the impulse was required to travel in the op- 
posite direction, it was blocked. Of course, the degree of depres- 
sion must be neither too small nor too great. According to their 
interpretation, the blocked impulse failed to pass because it failed to 
cause a response of the more strongly depressed region. Thus a 
proper orientation of less and more depressed areas in a bundle-branch 
block would make possible the appearance of Type I partial block by 
protecting the region of greater depression from the effect of the im- 
pulse from the other ventricle. It is this latter effect which, as A ilson 
and Herrmann 21 believe, ordinarily prevents the appearance of partial 
bundle-branch block. 

In this connection it is interesting that in accounting for a human 
case of irreciprocal conduction in which, in the presence of complete 
A-V block, there was V-A conduction, Wolfertli 22 was independently 
forced to assume that the same orientation of more and less depressed 
muscle was present which Ashman and Haflcesbring found by experi- 
ment did produce the condition. Other anatomical arrangements of 
the depressed regions in a bundle-branch might make possible the 
appearance of the 4:3 type of block, as, for example, in Scherf and 
Shookhoff’s 19 experiments, but, with the latter exception, the phenom- 
enon would apparently depend upon unidirectional block. The 2:1 
bundle-branch block observed by Leinbaeh and White and the 4 -.1, 3 :1 
block in Slater’s case may very possibly have been Type I intraven- 
tricular block and be explained on this basis. 


COMMENTS RELATIVE TO ADAPTABILITY OF THEORETICAL CONSIDERATION 

TO CLINICAL CASES 

As an important consequence of our analyses, there emerges the 
act that it is impossible to recognize the type of intraventricular 
ocv excepting in rare cases. In all supposed instances one must 
? sine that the heart rhythm is regular. One example is hypothetical 
“*** ^ r?™ n0t 1)e0U observed in m an. That is the occurrence of a 
' S> ltS gTadual propagation for one or more additional 

tk ’ a ? Pt retm ’ n t0 the nariw form - a variant of 

one' or mor^stilf 1 ' 1 J “T™ CyCle ’ next a mucb wider one, and then 
branch Z - ^ I ^ QRS COmplexes of typical bundle- 
each of these'instr^ 'r TIm Seqiience of events should repeat in 
tarach block of tIdT’ a r Se ' T ' ,eSe "' 0llld re I ,res “ t bundle- 
occmreoce of Jo n r ’ ' eXample ’ hera T »e II, would bo the 

complexes m ° re Mrrow ’ £o,lo "’ etl b J' two or more wide 
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^ r is an 

clearly represent intraventricular block ^Tyne n”'' 5 ’ ^ 1 m] 3 >‘ 
we know, the only cases on ree„,-k ,!>, , T and m ’ s0 tar «» 

tribute tbel improvement in conduction occurs, and will at- 

Sf fit Tr ement *° that faCtM '- In «* >m will,' no doubt bo 
unsbalceo f e Same tlme> the evW «lmo for block of Tyne n is 

of no aS ’a <lemonstrated ,ly liie narrowness of tile QRS completes 

Case a The 0 L fl r atl0n ’ 88 ““ *»4 «h. bS b J 

by the tl , ‘ a I 3 '’™ 86 8t kaSt ° M secmd in *>™tion (confirmed 
Tvne T b “ m P M ' ed "’ ith ** the former. In block of 

width w « • ' Vm8 might oceasion » alight change in QRS 

flw rt ll « ?!, a T° achingr tMs desree - TIlis » understandable 
" h 1 ! i e dama S-ed region will be reached during every 

A f 3 lmpu ses rom botlx sldes > an d its physiological state wili, 
theietore, remain unchanged. A slight slowing of the heart will not 
canse a sufficient immediate change in the physiological state to per- 
t such a transition within the time of a single cycle. We are mani- 

i ^ i° 03 e ^ ore ’ a Type II block, the only type in which 

such abrupt changes occur. 

tin 10 hn f ediate cause of the sudden transition, whether it be altera* 

• 11 “ l mtra cardiac blood supply, in pressure, or in some other factor, 
tivoUr °. f u W a, 'ded as essentially different from the causes of a rela* 
i n n1i e l aCUa , tran sition. Under the circumstances of a rather sharply 
nrodnmS T m* 0 ? °/ de P ress i°n in a bundle-branch, yet one capable of 
lor ir T 3 °i C V ’ Kl< caus ing little or no slowing of the intraventricu- 
fn I f ? ’ ^ ® n i- v Possible result of a gradual improvement in the 

m 1 i na , con cition is an abrupt transition from block to practically 
undelayed conduction. 

frmn 1 G0Uehl T h WQ su "8’est that in those cases of gradual transition 
tt'inni cppa ^c^tt complete bundle-branch block to normal intraven- 
jv. , a l c °o c notion, the functional change in the bundle-branch has 
a ** 1 ^' c 1 I* SSue some length. Such a block is, therefore, 
block 3 f T° 50 le ” arded as an intraventricular counterpart of A-V 
> V °. *!Pe I. Where no transitional complexes occur, but the 
. y "j G . Sll *j c .^ u ’ Ibe defect is the intraventricular counterpart of 

. , . ° C v 0 'P e II with normal P-R intervals, and the affected 

Stictch of muscle is presumably short. 

ORETICAIj CONSIDERATIONS REGARDING THE DANGER OF VENTRICULAR 
FIBRILLATION IN BUNDLE-BRANCH BLOCK 

• , i °-' P 0 ” 1 ! 8 stressed in this paper is the increased operative 

^ cm mg nmclle-braneh block in those patients in whom the eoudi- 
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The out-standing clanger appears to be voli- 


tion is a transient one. 
tricular fibrillation. i frf>r ; s 

From the theoretical side it is not difficult to soo £ 

present The sequential invasion of the two \entne e.. • > 

supraventricular impulse, the other by the impulse Iron, the oppose 
ventricle, means that the former begins its reran cl J e.n n - - 

same time the ventricle whose bundle branch is damaged is in pail 
depressed; regions of muscle are presumably present, through u ntil 
conduction is slow. Now if, to the already existing depression, there 
is added the effect of the anesthetic, conduction of the impulse in some 
pathway may become slowed still more. Thus, by the time, impu so 
has travelled through this region, the muscle beyond, which was acti- 
vated relatively early, may have .passed out of the absolutely refrac- 
tory state, and re-entry is possible. With re-entry the impulse can 
again swing through the same circuit. Ventricular tachycardia (or 
flutter) progressing rapidly to fibrillation is the consequence. If, to 
these factors, irreciprocal conduction or unidirectional block he added, 
the possibility of fibrillation is much easier to understand. Garrey 22 
and Mines 24 agreed on the importance of one-way block for the estab- 
lishment of fibrillation, and this view has recently been supported by 
Schmitt and Brlanger. 25 


SUMMARY 


1. Eight cases of partial bundle-branch block of varying degrees are 
presented with abstracts of their clinical histories, complete physical 
and laboratory data and electrocardiographic studies. 

2. Three unusual cases of transient Type II, intraventricular or 
bundle-branch block are recorded with sudden transition from com- 
plete bundle-branch block to normal intraventricular conduction times 
in response to respiratory maneuvers. The possible mechanical or 
nervous factors concerned in the production of the changes are con- 
sidered to be anoxemia as well as fatigue. Vagus effect mav be con- 
tributory. 


3. W e have stressed especially the importance of the recognition 
tins transient type of disturbance because of its better prognostic o 
00 1 . rnn present it must be relieved by therapeutic rest bef( 
necessary surgical or intravenous procedures are to be undertak. 
ic increased risk assumed in submitting patients in the nr 

Stfy X t e H‘' a M h f'*’ t0 " pi '° c ' d " re ‘ h »t ™.v apparently o, 
f ™ 6 ° d press,,rc «>e heart is emphasised ' 

• Ihe theoretical reasons for the dnnow . . 

“ * *• of 
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OBSERVATIONS ON THE ETIOLOGY AND TREATMENT OP 
PAROXYSMAL VENTRICULAR. TACHYCARDIA* 

Edward H. Schwab, M.D. 

Galveston, Texas 


A LTHOLGH the subject of ventricular tachycardia has been ex- 
eeedmgly well studied, the total number of cases reported in the 
literature has been small. In this communication three additional 
eases are reported, two of the usual type and one of the alternating 
bidirectional variety. In one ease the paroxysms were associated with 
peisistent atrioventricular rhythm, a combination not previously re- 
ported m the literature. In addition, the effectiveness of quinidine 
theiapj in the alternating bidirectional variety of ventricular tachy- 
cardia is demonstrated for the first time. 


CASE REPORTS 


Case 1 . Diagnosis: Hypertensive heart disease, congestive heart failure, ven- 
1> iculai tachycai dia, digitalis intoxication. L. B., a negro laborer, 47 years old, 
entered tlie John Seal}- Hospital January, 1924, because of an acute bronchitis. The 
routine examination revealed a blood pressure of 160/100 nun. Hg. No cardiac 
enlargement vras demonstrable either by physical examination or by roentgenological 
stud}. The urine showed a trace of albumin. He was not seen again until Septem- 
ber, 1927, "when he re-entered the hospital complaining of shortness of breath and 
swelling of the feet of about two months’ duration. Examination at this time re- 
vealed moderate cardiac enlargement, a blowing mitral systolic murmur, enlarge- 
ment of the liver, moist rales in the base of both lungs, and edema of the lower 
extremities. The systolic blood pressure ranged from 165 to 180, and the diastolic 
rom 105 to 115. The blood Wassermann was negative. The urine showed a 
persistently low specific gravity. The blood chemistry was normal. The electro- 
cardiogram showed a moderate degree of left ventricular preponderance, slurring 
of QRS complexes in all leads, occasional auricular and ventricular premature beats, 
and inversion of the T-wave in Leads I and II. Following digitalization he made 
a rapid and satisfactory recovery. Shortly after his discharge he discontinued treat- 
ment and began doing hard manual labor on the docks. He re-entered the hos- 
pital in October, 1927, in essentially the same condition as on the preceding ad- 
mission. After a prolonged period of bed rest and the usual therapeutic procedures 
he improved and was discharged practically free of symptoms. He was seen at 
irregular intervals in the Out-Patient Department until January, 1928, when he was 
again hospitalized because of congestive heart failure. On this admission gallop 
rhi thin and alternation of the pulse were noted for the first time. The electro- 
cardiogram showed no significant, changes over those taken on previous admissions. 
Ihe response to treatment was much slower than previously, and after prolonged 
treatment he was sent home to spend the remainder of his life as a cardiac invalid. 

On Mai 16, 1929, he was brought to the emergency room of the hospital. He 
appeared to be in great distress. The mental state was that of a stupor, and he 


s i tv "of° Te-c-i «s olid the Department of Internal Medicine. Unlvcr- 
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could be aroused only with difficulty:' The pulse' was imperceptible at tlic wrist. 
The blood pressure was too low to be taken. On auscultation of the heart the rate 
was found to be above 200, apparently quite regular, but there, seemed to be some 
variation in the intensity of the individual heart sounds. ‘Moist rales were heard 
throughout the chest. Six mg. of strophantliin were given intravenously without any 
apparent effect. The electrocardiogram showed a ventricular tachycardia with a 
rate of 220 (Fig. 1 4). At 10:30 o’clock, 0.3 gm. of quinidine sulphate was given 
by mouth, followed by 0.G gm. at 11 o’clock. There was a sudden return to normal 
rhythm at 11:20 o’clock. The rate was 7a, regular except for an occasional pre- 
mature beat, and the blood pressure was 105/80 mm. (Fig. IB). After re- 
covery he stated that he had been having similar attacks for about one month. 
He had been taking digitalis at irregular intervals for the past six weeks. The 
attacks came on suddenly without apparent cause, lasted from a few minutes to 
several hours and ceased quite abruptly. During the attacks he said that lie 



Pig-. 2.— Case 1. Leads I, II, and III. Curve taken following 
Auricular fibrillation is present with complete heart-block and A,.,,,. ti' on in 

Che ectopic beats appear in couples and in the majority of cases show a 
lirection. 


became quite short of breath, very weak, and had a feeling of constriction in his 
chest. The paroxysm which brought him to the hospital had lasted eighteen h 
For two or throe days following the attack the pulse was quite iiiegul.tr, due 
many premature beats which occasionally produced a bigeminv. lhcie was 
edema present. He was placed on 0.C gin. of quinidine sulphate daily- A or n 
few days the pulse became quite regular. On May 29, 1929, while taking a hoi \, ^ 
had another paroxysm which lasted about an hour. The curves taken >d *h.it i 
were identical with the former ones. He was given 0.6 gm. of quinidine sn^p 
by month, and the paroxysm ceased twenty minutes later. On .Tune 0, .. — > 
suffered another attack which lasted about fifteen minutes. The quini me ' j 
increased to 1.3 gm. daily. His general condition had improved a great don, nI 
lie was discharged from the hospital and advised to continue taking 1-3 g m> ® 
quinidine daily. On June 23, 1930, lie appeared in the clinic and stated H' 11 
had suffered no more attacks but that lie had become very short of breath. He 
been taking the quinidine as prescribed. Examination showed the patient to he 
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aw-fc, «» liter 'vns g r,».lv '*»*«,«•» 

well above the knees. T„e false »»» «*»'•«. ‘ ' 1 • _ , 

was 10S/I0.1 nun. Up. 1 . . . . i. j Wl , t 

„o povvleml lent of »»•' " ” k ' 

11 fonrles'n ba.l been inken n.nl tben H 

heenme much wors< , .""l ,n ‘ 


well aUOYC lue M'KS. 1 

The blood pressure was IOS/tO-1 nun. lip. 
0.1 gin. tablets of the 
four times daily until 
After returning home his condition 


edema extruding 
ns present, 
for thirty 
;stke two tablets 


Ulllb’ *»*•» v ' 

to the hospital he continued taking the ’ (1 . lVs - }],. was brought 

i.c., 3 gm. of the powdered leaf of digitalis less than ■ ■ • ^ 

to the emergency room .Time 30, 1030, in a paroxysm M !• • ■ 

It ceased a few minutes after taking an elect .umnirngram biH^ ^ ^ 
those taken previously during the paroxysms. 11. . . .. .. .. \ u 

five .0 sis attacks Mtv sb.ee the eec.m.1 .lay after he la-sab *=t, ’f -‘.d.-ne's 
clcctroent.lioftram taken after (be l«n*y*m reveale.l Ha fall"' ' t ■ • ^ 

fibrillation, complete henrt-hlock, and idioventneiilar rbythm <!•»«■ -»• < 

sulphate was administered in doses of *>.<’• pm. every four hour-., ' ' 

paroxysm during the night which lasted only a few minutes. IKspm.t 
and «' generalized anasarca was present, lie died suddenly the following nmrmug. 

Autopsy Findings .- — The heart weighed 1*30 gm. There note a few adlo -ions !» 
tween the left ventricle posteriorly nml the parietal pericardium. Ilo ie va* innrku 
dilatation of the right side <if the heart. The left ventricular wall v.us thu< 
centimeters in thickness. The valves showed no significant changes. In the tip 
of the left ventricle near the endocardia) surface a healed infarct one centimeter jit 
diameter was found. The first part of the aorta showed some dilatation and a few 
atheromatous plaques. The coronary arteries were moderately thickened and tortuous. 
Microscopically, the kidneys showed evidence of a chronic diffuse nephritis. 

The curves taken during the paroxysms of tachycardia in this case do not 
fulfill all the criteria cited by l.obinson and Herrmann,' as the 1’* waves are not 
distinguishable. However, the form of the ectopic beats seen in the curve taken 
after cessation of the paroxysm are similar to those ventricular complexes seen 
during the rapid rate. In addition, the clinical course of the tachycardia and tin* 
effectiveness of quinidine therapy establish the diagnosis, and readily differentiate 
it from the condition with which it most likely would lie confused, namely, auricular 
flutter with a one to one response. The curve (Fig. 2) taken following the severe 
digitalis intoxication is quite unusual. Auricular fibrillation is undoubtedly present 
with, perhaps, complete auricula-ventricular block, as none of the ventricular com- 
plexes conform to the supraventricular type. Four different types of ventricular 
complexes arc seen, each recurring at perfectly regular intervals. The complexes 
appear in couples and show alternation in direction in the majority of instances. 
The role of digitalis as a precipitating factor of the paroxysms of ventricular 
tachycardia in this case cannot lie questioned. The condition had been perfectly 
controlled by quinidine for several weeks, the paroxysms reappearing shortly after 
the institution of digitalization, and increasing greatly in frequency as the ad- 
ministration of tiie drag was continued. 

Case o.-Hiufimo , Hypertensive hrart ,lisr„,c, n, ivr haul fail, nr. corona.'./ 

™ mc Wemia > Amelia. E. lb, a white man,' lift v-f our 

jeais old, an engineer by occupation, entered the hospital June 22, IP, TO, complaining 
of shot tn css of breath ami swelling of Iho foot r v\tn k 

fore coming to the hospital he had a severe attack of Av , “ ‘ . R S 1,0 ‘ 

- 5T r i^;:; 


i *»«■** t 

had exhausicd his supply. 
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headaches and attacks of intractable vomiting. The past history, was irrelevant. 
The family history was interesting in that his father, mother, and one sister had 
died of kidney trouble. 

Ou physical examination the patient was quite dyspneic. The heart was greatly 
enlarged. A moderately loud blowing systolic murmur was heard at the apex. The 
pulse was quite irregular due to many premature beats, which occasionally produced 
long runs of bigeminy. The blood pressure was 140/80 mm. Hg. The peripheral 



Fig. 3.— Case 2. Three usual leads, upper two strips are Lead I. CO ntf C strip? 1 The 
onset of a paroxysm of ventricular tachycardia are shown in t n ie . . ar r hythm is 
rate (taken from another portion of the record) is ICO. Atriov ^d inversion 

present. There is some evidence of retrograde heart-block. Note t 
of the T -waves in the first two leads. 

vessels were markedly sclerosed and showed some beading. The l>' el c } lC st 

enlarged, and there was some ascites present. Moist rales were heard °' er y 00( i 
posteriorly. There was a pitting edema of the lower extremities. The rou ^ ^ (C 
count revealed a marked secondary anemia. The blood urea 'V'as 100 mg., 

creatinine was 7.5 mg. per 100 c.c. of blood. . several 

The patient had been under the treatment of a physician in the city o • 
months and was taking digitalis up to the time of admission to the hasp! a , 



SCHWAB : 


PAROXYSMAL VENTRICULAR TACHYCARDIA 


409 


ever, it was impossible to ascertain tlie amount that i^lhere 

ing admission it was noticed that » addition to aR long as 

were short paroxysms of tachycardia lasting ' ;{ t l 150 an d the 

thirty minutes. The rate during the paroxysms n as Yagal 

rhythm showed a di | ht electrocardiogram showed atrio-vcntric- 

rdd.™/ "dd **»«* **. 

(Fi g 8). He was immediately placed upon 0.75 gm. ot qmma.nc snlpbnto . • 
k. pnLtar. beats deceased, eteatiy in nm.be,, and no more paroxysms of biebj- 
cardla were noted. Subsequent curve, taken reveled only oecasronal aontr eular 
premature beats; However, the atrio-vontrienlar rhythm persisted. la spi e el 
treatment his general eendition became rapidly worse, and bo died a week later ■„ 
uremic coma, the terminal event being a hypostatic pneumonia. Autopsy was re- 
fused. . . - . . 

The role of digitalis in the production of the arrhythmia in this ease is not quite 

so evident as in the other eases, although it was apparently a factor. The patient 
had been taking digitalis for some tune, but it was impossible to ascertain the ex- 
act amount taken. Atrio-ventrieular rhythm is known to occur occasionally as a 
result of digitalis administration, but it is not generally thought of as being a 
toxic manifestation of the drug. The runs of bigeminy noted on admission offer 
further evidence that he had probably received, too much of the drug. The history 
of the sudden onset of severe precordial pain, the prostration, the fall in blood 
pressure, and the progressive heart failure furnish sufficient clinical grounds for the 
diagnosis of coronary occlusion. The marked inversion and the character of the 
T-waves would tend to confirm this diagnosis. 

Case 3. — Diagnosis: Syphilitic heart- disease (?), aortic regurgitation, congestive 
heart failure, auricular fibrillation, ventricular tachycardia. K. C., a white man, 
sixty-five years old, a watchman by occupation, was sent into the John Sealy Hos- 
pital March 2S, 1929, complaining of intense cramping pain in the lower part of 
the abdomen. Examination revealed a strangulated left inguinal hernia. A careful 
cardiac examination was not done at that time. He was immediately subjected to 
a surgical operation, the strangulation relieved and the hernia repaired. Local an- 
esthesia (novocaine) was emploj-ed. Post-operative recovery was uneventful, and he 
uas discharged three weeks later in good condition. 

He returned to the hospital June 27, 1929, complaining of shortness of breath 
and swelling of the feet which began two weeks previously, and which had become 
progressively worse. The family history was irrelevant. .Twenty years previously 
he had had a bad attack of gonorrhea which was followed by 'a stricture of the 
urethra. He denied ever having had a penile sore. On physical examination there 

IZtZVlTt f P11C “ ? S marked ‘ Thc Chust ^ ite emphysematous. The 
l.e ti I- g downward and to the left. On auscultation there was 

4 «.* -- tzzt&'zzz M f‘ 

dm ,' ^sZ “L“ 8 L S \ll T t,r C ' marii0gram 

l** 1 - n. nnd ZritZ^Z be “ 
rest in bed the symptoms and the ede„ y 1 , r ° llow:m g digitalization and 
1929, and advised to ^ ™ ^ 

He returned to the Out-Patient H “tnmnee dose of digitalis. 

He remained fairly well until February 17 "1930 ^ rGguIar intervals f or observation, 
him again heenuso nf- vv ... — ’ ien 1 1 was necessary to hospitalize 


1 agam because of congestive heart failure.’ On 


animation was essentially the 


this admission the physical 


same except that the degree of failure w 


ex- 
as more 
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marked. Tlie blood pressure was 150/80 mm. ITg. Alternation of the pulse was 
noted. As before, the pulse was quite irregular due to many premature heats. An 
electrocardiogram was similar to that taken on the previous admission (Fig. 4). 
The blood urea nitrogen was within normal limits. The blood Wnssermann - was 
frankly negative. It was necessary to resort to the use of the mercurial diuretics 
to mobilize the edema. After three weeks of energetic treatment he was discharged 
edema-free, but the dyspnea, though lessened, still remained. 

He returned to the hospital two weeks later again showing marked dyspnea and 
edema. Examination May 5, 1930, revealed a generalized anasarca. The pulse was 
still irregular because of many premature beats, and the blood pressure was 140/GS 
mm. Hg. Intense pulmonary congestion Was evident. He had been taking 0,1 gin. 
of the powdered leaf of digitalis daily since the last dismissal from the hospital. 
The interne was not. cognizant of this fact, and from May o to May 18, he received 
3 gm. of the powdered leaf of digitalis. The electrocardiogram on admission showed 
sinus rhythm, whereas a curve taken on May 19, 1930, showed auricular fibrillation 
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Fig:. 4. — Case 3. Three usual leads. Record obtained on February * 1 ventric^ar 
rhythm is present with frequent ectopic beats. There is slurimff 
complexes in all leads. The T -waves in Leads I and II are imeiu-u. 

with ventricular premature beats producing a bigeminy (Hg- ^ 

taken the following day revealed paroxysms of alternating bidircctioiu ' ■ ^ ^ 

tachycardia (Fig. oil). The next day the frequency and the dura ,on ^^ ( y 

paroxysms increased. One paroxysm was observed to last tlnee horns. ^ 

italis was immediately discontinued and the administration of quim mc^ ^ 

begun, in doses of 0.6 gm: daily. This was increased the following ' mcrmis 

daily. Six hours after the quinidine was started the paroxysm cc.tser an 

observations failed to reveal anv reappearance; however, the uurini • 

. . -j rpl.n ii*j f 1 cut sli o\v c*i 

along with occasional ectopic ventricular boats persisted, me I • ^ before 

response to treatment, the edema being exceedingly obstinate. A tew ^ 1 P 30 . 

death he developed marked mental symptoms. Heath oecunid - ,l - 1 

Autopsy was refused. . n t;l bing 

On admission this patient was apparently fully digitalized, as he '*t‘ -\y; ic n he 
a maintenance dose of digitalis for several weeks prior to his hn.il cn b • . fU ^ ar 
entered the hospital, sinus rhythm was present along with main ectopic ^ fully 
beats. Hue to an oversight he was given digitalis in sufficient amounts a),. 
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to bring him under the influence of the drug. Auricular fibrillation appeared after 
a short time, and was undoubtedly a manifestation of digitalis intoxication. The 
associated bigeminy would tend to substantiate this contention. Shortly thereafter, 
the appearance of the paroxysms of ventricular tachycardia were noted. As in the 
eases reported by Palmer and Whites there is not only alternation in the direction of 
the ventricular complexes, but there is also predominantly alternation in the length 
of the cycles, the interval between an inverted and an upright complex being shorter 
than that following an upright complex in Leads I and II, whereas the reverse holds 
true in Lead III. It is interesting to note that the majority of the eases of al- 
ternating bidirectional ventricular tachycardia reported were associated with au- 
ricular fibrillation. 

DISCUSSION 

No definite proof has as yet been advanced as to the underlying 
mechanism in ventricular tachycardia. For the unidirectional type, 
most writers advance the theory that the mechanism is similar to that 
which is generally conceded to produce paroxysmal auricular tachy- 
cardia, namely, a single irritable ectopic focus. The two types of 
tachycardia are similar in that the onset and offset of the abnormal 
rhythm are abrupt and bear the same relationship to the normal 
rhythm as do single ectopic beats. The great point of diffei'ence, how- 
ever, is that the action of the heart during paroxysms of auricular 
tachycardia is notable for its regularity, whereas in the ventricular 
type, as emphasized by Strong and Levine, 3 a slight but noticeable 
irregularity occurs. Largely because of this irregularity, and because 
of the therapeutic response of the condition to quinidine, Levine and 
Fulton 4 have suggested that the underlying mechanism is a circus 
movement similar to that seen in the auricle in auricular fibrillation 
and flutter. The variation in the configuration of the abnormal com- 
plexes, which is commonly seen, could be explained on a basis of abei- 
ration; nevertheless, it is more logical to assume that it is a result o 
a variance of the path assumed by the circus, which likewise explains 
the slight irregularity in rhythm. 2 The unusual curve (Fig- 2) taken 
in Case 1, following the digitalis intoxication, could possibly be t ne 
to a circus movement similar to that producing the paioxysms o 
tachycardia, its path being greatly altered by changes in the refractor} 
period of the heart muscle, a result of the toxic effect of the digda 1S> 
The possible mechanisms underlying, the alternating bidirectiona > P e 
of ventricular tachycardia have been discussed in detail in the 1 C1 ‘ 
ture. 2 ' 5 The double ventricular circus movement as suggeste . 
Palmer and White seems most likely, as the condition cannot e a ^ 
quately explained on the basis of a single circus. Clinically, tm 
types are identical and can be separated only by electrocaidio 0 iap 

The majority of the cases of ventricular tachycardia ha've occu. ^ 
in individuals with advanced heai-t disease, most of them hem c n ^ 
state of congestive or anginal failure at the time of the onset 0 r _ 
arrhythmia. However, several cases are on record in which no a n 
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mal cardiac findings were demonstrable. The alternating bi^to.1 
variety occurs witlr greater uniformity m patients wit) S>' 
of heart disease than does the unidirectional type. In all of the ■ ■ 
of the alternating bidirectional form reported, pathological change 1 
,e hear was noted; in one instance the only finding was cardiac en- 
largement, the remainder showed evidence ol marked structural ear- 
Advanced coronary artery disease and coronary occlu- 

“ ■ Coronary occlusion was 


largement, 
diac disease 
sion are 


important predisposing factors. . . 

present in eight out of the ten cases in one series. 4 In approximately 
one-fourth of the cases reported, cardiac infarction had preceded the 
onset of the ventricular tachycardia. In patients in whom no organic 
heart disease is present, the prognosis is essentially good ; in those in 
whom definite organic changes are evident, the prognosis is grave, 
especially if the alternating bidirectional form of tachycardia is pres- 
ent, the majority of these patients dying in from a few hours to a few 
weeks. 

The relationship of digitalis to the occurrence of ventricular 
tachycardia has been emphasized by a great many writers on the 
subject.®’ 7 > Si 9 ’ 10> 12 It undoubtedly plays a very important part, 

acting largely as the precipitating or exciting factor. Considering 
all of the cases of both types, the drug had been administered prior to 
the onset of the arrhythmia in approximately 50 per cent of the cases, 
and in the majority of these, it was given in excessive amounts. In 
Case 1 of this group, in which the paroxysms had been completely 
controlled by quinidine, there was a reappearance shortly after the 
institution of digitalization, and they increased greatly in frequency 
and duration as the administration of digitalis was continued. In one 
of the eases reported by Gilchrist, 12 Case 2, the frequency of the par- 
oxysms was greatly increased by the giving of digitalis. In Cases 2 
and 3 of Levine and Fulton’s series, the giving of digitalis caused an 
increase in the rate of the tachycardia, and a similar experience was 
reported by Orsi and Villa. 13 To the contrary, in the case reported by 
Hart 14 small doses of digitalis” caused no recurrence; Wolferth and 
McMillan, 15 Cases 2 and 3, gave digitalis in full doses after the cessa- 
tion of the paroxysm without apparent effect as regards recurrence 
The role of digitalis as an exciting factor in the causation of van- 
neular tachycardia is much more apparent after a study of the re- 
ported cases of the alternating bidirectional type. Including tlie case 

.*»»* * the litera- 
ls vardiu’s cases- in which the oi 

had received digitalis. Of these seventeen cases fifteen^'* 
have received the drag in toxic amounts. In the case of Z7 ‘° 
ported here, digitalis had been «iven i„ ° f this ^ 

sinus rhythm to auricular fibrillation In tl to comt 

ui mation. In the case reported by Orsi 
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and Villa, 13 a change from the usual type of ventricular tachycardia 
to the alternating- bidirectional form occurred a few seconds following 
the intravenous injection of calcium chloride. 

Despite the fact that evidence has been adduced to show that quin- 
idine itself may cause ventricular tachycardia, 19 ’ 22 the drug appar- 
ently has a specific effect in terminating the paroxysms of tachycardia 
and preventing their recurrence. In all the eases reported in which 
the drug has been used, uniform success has been attained. The drug 
is apparently just as specific in ' controlling the alternating bidirec- 
tional variety as in the usual type, although no definite conclusions 
can be drawn from its use in a single case. The amount of the drug 
necessary to produce therapeutic results varies greatly from ease to 
case. On the whole, somewhat larger doses are needed to terminate a 
paroxysm than is necessary to prevent the recurrence of paroxysms. 
Very large maintenance closes of the- drug have, been given oyer long 
periods of time without any ill effects. In those cases in which the 
patient’s condition is critical, it.- is perhaps best to, administer the drug 
intravenously, although its acti .011 by- mouth is quite prompt. 

SUMMARY AND CONCLUSIONS 

/ J t . ^ ... 

1. Three cases of paroxysmal ventricular tachycardia arc repoited, 
two of the usual variety 'and one of :thc alternating bidirectional ripe. 

2. All three cases were- treated with quinidine with uniform success 

in controlling the arrhythmia. . - 

3. Digitalis, especially when given in ‘excessive amounts, is appai- 

ently an exciting factor in the production 6f ventricular taclncaidia. 
The association is much closer in the alternating bidirectional caneri 
than in the unidirectional form. • . , 

4. Because of the close association between coronary occlusion, di c i 
talis, and ventricular tachycardia, digitalis should he adminilsteie^ 
with extreme caution to patients who give a history of a recent cau lac 
infarction. 

NOTE.— The author is indebted to Dr. It. S. Palmer and other members of thr 
Cardiogrnphic Laboratory of the Massachusetts General Hospital, Boston, 

Dr. George lb Herrmann of New Orleans, for valuable help in the inter prt a ! °n 
tiie curves from Case 3. 


3. 
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son, u. c ., amt Herrmann, U. naroxysmm V l s- 'o 1021. 

r Origin and Its Relation to Coronary Occlusion, Heart, ■ xv j { ], 
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T HE EFFECT OF VENTRICULAR EXTRASYSTOLES ON THE 
A-V CONDUCTION TIME OF THE NEXT 
AURICULAR IMPULSE®! 

Ernest Bloomfield Zeisler, M.D. 

Chicago, III. 


I T IS fairly common for the A-V conduction time of the auricular 
impulse directly following- a ventricular extrasystole to be pro- 
longed. A ease is here presented in which this phenomenon was quite 
prominent. This was analyzed in an essentially quantitative mannei, 
because otherwise the nature of the phenomenon could not be thor- 
oughly understood. 



Pig. 1.— Leads I, II, II, and I 11 o£ Curve 1 ‘ 


Table I (for 3Tig. 1) 



Fig. 1 shows portions of a curve with frequent rig 1 ' inducted 
extrasystoles, after which the next auricular impulse is c C01T1 _ 
either more slowly or not at all. This partial and occasion 


•From the Heart Station. Michael Keesc Hospital, Chicago, 111. Invc .,tlgation 

t Aided by the Emil and Fannie K. Wedeles Fund for the -tu . 
of Diseases of the Heart and Circulation. 
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VEXTlluri..M> KXTKAHYSTnU:* AS.- w ' ' '"" S TIMS 


•tr 


y.l-.isnuu : 

»lcU— A-V block is explain.-.! » Ml"**: Tl "' 

plete a\ , . 1 i thron-h the common nun- 

tricnlar cxlrnsyslolc is cim.luctc.l ImiU.1,1 ' - 

die to the A-V nolle. It isiml comliictcl past ill- 1 " ; ,M " 

(this would bo n retrograde ventricular extvnsystnlc. v> no i i-a *** ' 
been proved to occur), but it docs renew the n-lra.Mory m- ^ 
node, so that the next auricular impulse finds the node enher I> 

or absolutely refractory and is accordingly either pm .tally «r <“»• 
nlctcly blocked. We place the block in the node rat low than m Un- 
bundle because the refractory period is normally longer m the n»» “ 
and block is more readily produced there.* 

The A-V conduction time of every heat depends upon four tlmurs; 
(1) the presence or absence of organic disease ot the A-\ unde or 
bundle; (2) the alteration of the A-V node or bundle by drugs or other 
chemical influences; (.*!) vagus and sympathetic indttciices y! th» twy 
of passage of (he impulse through (hr noth: and (-1 < the time permit- 



T.umr, It (run I'm. g) 


11 


l-OST KXTJMSVSnit.te. 


K .: p - l|i-^li-(>21i.00i.! »s|.!i-i 'd < f 
i’-K [| .ts| £S| ■ i s | . t s | , i s | . t s j . i s i .i it ; . 2 ni fg If n .a a i.:i •_* : V.y_T:i'i: "Vs ' ; •• • ■- 


ted for recovery of the node after the. passage of the last preceding 
impulse. Hus time interval, which is called the ncorrnj th»r t is 
measured from the beginning of the preceding QKS compiex to tlm 
beginning ol the 1 -wave, and is designate, 1 by 1M>. other things 
being equal, the conduction time increases monoUmieally as the relmt 
y nnc t eel eases but, as is well known, even with a loin- recovery 
time conduction may be slowed by nervous influences " * 

«* «• p-r fee'll; Umn " haw *»™ 

T-wuve, only an nppor Kmii rau J * 1 7* ,he 

• bMt is -*•* . «, r.Bt.x.'t ;:s:, v); 
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dash. The measurements are tabulated in decreasing values of the 
recovery time as follows : 

It is seen that in general the P-R- interval increases as the recovery 
time decreases; the exceptions most probably indicate temporary 
changes in tonus of the cardiac efferent nerves. On the whole, A-Y 
conduction is slower in Curve 2 than in Curve 1. 

To find out what part of the delayed conduction is due to vagus 
tone we gave the patient % o gr. of atropine sulphate hypodermically 
just after Curve 2 was taken ; thirty minutes later Curve 3 was taken. 
The sinus rate was increased only slightly (from 55 to 59). We see 
again the same general rule for increase of the P-R interval with 
decrease of the recovery time: 

Whereas before atropine, complete block occurred with a recovery 
time as long as 0.42 sec., after atropine, there is no instance of com- 
plete block until the recovery time is as short as 0.20 sec. Similarly, 



Fipr. 3.— Leads I, II. and III of Curve 3. taken on the same day as Curve 2, thirty 

minutes after atropine. 


Table III (for Pig. 3) 
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POST EXTKASYSTOLIC 

R-p 

|i P0S|.»2| 

.<>0 1 

.SS 1 

! .SO I 

! .SO j 

.80 j 

•82| 

•78 || 

.38 

] .38 | .32 ) .2S 1 .20 1 .10 | -I- 

P-R 

11 .18 1 .18 | 

■ 18 ) 

.10 1 

.10] 

-Jg~\ 

.IS I 

•18 1 

.IS |1 

.20 

| .21 1 .22 1 .32 I - | - 1 " 


before atropine we have a P-R of 0.36 sec. with a recovery time as long 
as 0.4S sec. and after atropine a P-R of only 0.20 sec. with a lecoten 
time as short as 0.38 sec. Thus A-Y conduction is greatly improiec 
after atropine. After atropine there is no delay in conduction bet oiu 
normal limits (0.22) until the recovery time is reduced to 0.2b sec. oi 
less than half the recovery time (0.65 sec.) at normal sinus ih.it un 
(rate 72, PR = 0.18), and there is no complete block until the 
erv time is reduced to 0.20 see. or less than one-third the normal. 
marked improvement in conduction indicates that the A-V ioci 
fore atropine was due to vagus influence and not to organic disease. 
To rule out a possible sympathetic depression adrenalin was injec G 
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oil a subsequent day; tins had no effect on the block, mi that it appear* 
to have been (he vajrus which was the eontrollinj; factor, thouirh t ! m- 
patient had bad no digitalis or other vapns stimulant. 

These observations indicate that the effect of a ventricular extra- 
systole on the A-V conduction of the next auricular impulse j., no dif- 
ferent in nature from the effect of an auricular e.vtrasystob- with tin* 
same recovery time on its own A-V conduction, it follows that rout- 
plcic block of the miriculnr impulse diivrf/» / fnllmriinj n Lilt >■> nhonihir 
c.rlrtispsfolc has Ihr smut' sitfiiijinmct ns n hlnrketl mrht mtrir a.Lir >.rlm- 
sifslnh. 

I wish to express my thanks to Dr. Louis N. Kat,- t.i» h.h.fnt 
his valtr/iWc* critieism. 

jtKnritKMTs 

1. Lewis, T.: Quart. .1. M<ii„ 1-1; )«i2L 

A Lewis, T„ and Atast-r. A. M.: !!<-att. 12: "jap, j<.o- 
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A CASE OF MALIGNANT. ENDOCARDITIS (PNEUMOCOCCAL), 
WITH EARLY CALCIFICATION AND WITH 
CALCAREOUS RENAL EMBOLI 

E. R. CULLINAN, M.D., AND W. S. BAXTER, BA. 

London, Eng. 

T HIS case is recorded for two reasons. 

.First, it shows the great rapidity with which calcification can. 
take place in newlv-formed vegetations .on an infected heart valve. 

The second point of interest is the presence in the arterioles of the 
kidney of calcified emboli. These have caused, not infarction by oc- 
clusion, but hemorrhage by trauma in the neighboring renal substance. 

Whereas it is always assumed that emboli in cases of malignant 
endocarditis come from vegetations on the heart valves, it is a difficu t 
thing to demonstrate. In this instance, however, there can be litt e 
doubt as to the cardiac origin of the calcareous material m the vessels 
of the kidney. 

The patient, a youth of 19 years, was admitted to St. Bartholomew s Hospital, 
London, on April 23, 1930, with a twenty-four hours' history of maaisc, » 
headache, and some mental confusion. He complained chielh o pain m 
On examination, the chest showed impairment of movement, percussion 
air-entry all over the right side, but no added sounds. , rS 

The heart was considerably enlarged; mitral and aortic regurgi an 

were present, but no presystolic murmur. /V1014 0 F. 

The general appearance of the patient and his temperature c iar 
P:9G, R:32), together with the chest signs, led to a diagnosis of o ar P ^ 
There was a vague history of rheumatic disease in childhood w nc i 

accounted for the heart signs. ., ,u ea red up, 

During the following three days the lung signs on the rig i si ^ 1C 

but the patient did not feel any better, although the chart on the evei g 

fourth dav suggested a crisis. On the fifth day he had his rs r j 

followed at tl.fLc of 8 or 3 daily. A few days later pat« ,«tj«npl.- 
transient joint pains and occasional numbness of the extremi ic . ^ jj ic 

were found to alter slightly from day to day. Elood culture was ‘ jp c 

ninth day and grew pneumococci (Type Til). Sudden mistiness 0 ■ -p etcc },; nc 

right eve occurred and retinoseopy showed a pale quadrant in the un ) 1S ^j n y S 

began to appear and became very numerous on tlie neck and ches • i • 

the body was covered with them, lied blood cells in abundance n ra pidly 

appear in the urinary deposit. The patient’s mental condition cc ‘ ^ w;is 
worse: drowsiness, low delirium and an almost “Parkinsonian acies. 

increasing pallor. jj ca tli 

A course of mereurochrome injections was begun without ,tne 1 ’ 
occurred on May 13, on the twenty-third day of the illness. 
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The spleen was not palpable at any stage of tbc disease and there were no 
painful nodes in the fingers. 

At autopsy, the body was that of a well-covered youth. 

There were numerous peteebiae over the shin, especially about the shoulders. 

Internally, minute hemorrhages were seen on the meninges, the trachea, the 
pleurae, the pericardium, the peritoneum, and the capsules of the kidneys. 

The lungs, both macroscopically and microscopically, showed congestion. 

The heart: The pericardium contained about 100 c.c. clear fluid. There were 
dilatation and hypertrophy of all the chambers. The mitral valve showed past and 
recent disease. The bases of the valve were thick and fibrosed from old damage but 
superimposed on these were recent friable vegetations, which had almost destroyed 
the cusps. These vegetations were large and cauliflower-like, one being about « 
cm. in diameter (see Fig. 1). They spread from the mitral valve to the wall of 



Fig. 


A recent vegetation on the mitral valve show 
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particles of calcified material. These particles lay actually within, but not actually 
blocking, the lumina of the vessels and presumably came from the fragile, partially 
calcified vegetations on the mitral valve (see Figs. 2 and 3). 



Fig. 2. — Calcified embolus in a small renal vessel (photomicrograph b> A. A. Cobbett) 


Fig. 


3 . 



-Hemorrhage in neighboring kidney substance (photomicrograi 

Cobbett): ’ 


by 


A. V. 


It seems probable that the hemorrhages have- been caused by the s ‘ ,,r P 
emboli tearing and damaging tlie near-by arterioles'-and capillaries o i 
We tliank Professor Fraser for permission to'.pub’ish this case. 



ANGINA PECTORIS IN A YOUNG A DUE 1 

Horace Marshall Korns, M.D. 

Iowa City, Iowa 


r-pHE recorded incidence of llcberden’s angina pectoris m children 
I and young- adults is so low that, it would seem desirable to have 
reports of additional cases. White and Muddd who reviewed the sub- 
ject in 1927, were able to collect from the literature only forty-two 
authenticated eases of angina pectoris in persons less than thirty years 
of ao-e- to these tliev added eight, eases of their own. Stolkmd s paper, - 
W ]neh ’appeared almost simultaneously, listed twenty-nine cases, in- 
cluding four which he himself had observed and several which had 
apparently escaped the attention of White and Mudth Since that 
time there have been only two additional reports (Dotti," Levin'). It 


is likely, therefore, that the comprehensive total of cases does not 
exceed sixty-five or seventy. The eases of paroxysmal cai diac pain 
reported by Schwartz/' as he himself points out, present certain fea- 
tures which are irreconcilable with Ileberden's angina pectoris as it 
is generally conceived. 


REPORT OP CASE 


History . — The patient, a woman, was born in 1902, and except for n gvc 
msilliHs which was not diminished in frequency or severity by a “tonsil ’ ’ 


veat deal of 

tonsillitis, which was not diminished in frequency or severity by a “tonsil clipping 1 
operation in 1909, was an unusually healthy child. In 1917 she was seized with se- 
vere tonsillitis, followed immediately by acute rheumatic, fever, characterized by 
migratory synovitis and pain over the heart. Within three weeks her physician de- 
tected endocardial involvement and cardiac arrhythmia. The high fever began to 
decline after six weeks; and two months after the onset, although the patient had a 
rapid heart rate and slight air hunger, she was allowed to sit up in bed. A few 
weeks later she began to experience chilly sensations, and became once more acutely 
ill with high fever, rapid pulse and respiration, dull pain in the left chest and dry 
cough. She grew worse steadily, and after ten days had some sort of “sinking- 
spell” lasting- five minutes and characterized by extreme air hunger and apparent 
loss of consciousness. The fever continued for ten days more, falling bv lysis. 
Coughing was continuous and very painful, and finally became productive of a moder- 
ate amount of sputum, at first blood-streaked, later purulent. Although a diagnosis 
of pneumonia of the left lower lobe, with “heart complications,” was made, it is 
more than likely that acute pericarditis with effusion, and acute endocarditis, pos- 
sibly with pulmonary emboli, were the actual pathological processes underlying- this 
Ulness. Convalescence was very slow, lasting more than a year, but at last the 

C'wM gainea much of lier formev vi S 0r «» d returned to school. She completed 
“ y T S ° f high SCll ° 01 withcmt further disability. During tins time she 
‘ ?. eVy UCt .7 e > but notlced nothing more than considerable shortness of breath after 

«££?£££' mo " t, ' s of so,,lw ~ * *-» *° «■« 

•From the Department of Internal Medicine, State University of Iowa. 
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In January, 1923, the patient entered a nurses’ training school. Two months later 
she was ill for a week with tonsillitis, high fever, cough and generalized aching. In 
May she went to bed with heart failure, and it was at this time that her aortic valve 
lesion was discovered. By the middle of July she was hack on duty, had her tonsils 
removed, and continued without further interruption until December, when she was 
subjected to a severe emotional shock (attempted rape). The patient is very ideal- 
istic and of extremely sensitive temperament, and this experience precipitated her 
first attack of angina pectoris (at the age of twenty-one years). She said that she 
felt as if her chest were being crushed. The attacks of angina kept recurring, and 
in May, 1924, she was forced by increasing cardiac disability and angina to discon- 
tinue her training. 

From June, 1924, until April, 1928, she worked intermittently as a "practical” 
nurse, during which period her activities were interrupted at least as often as twice 
a year by attacks of heart failure which necessitated many weeks in bed. In 1924 
and 1925 she was free from angina pectoris for as long as six months at a time, hut 
in 1926, 1927 and 1928 the seizures increased in frequency, as well as severity, until 
the intervals became as short as from one to three weeks. Badly discouraged, she 
twice attempted suicide, the second time by swallowing mercuric chloride in August, 

1 1927. Following this she had albumin and casts in the urine for a time, and ever 
afterward an abnormally high blood pressure. 

About the first of January, 1928, the patient had an upper respiratory tract in- 
fection which was followed by six months of cardiac invalidism and fever. During 
this illness she suffered considerably from a choking sensation, dysphagia and difficult 
breathing, and an abnormal pulsation made its appearance in the suprasternal notch. 
These manifestations led her physician to make a diagnosis of acute rheumatic 
aortitis. By June the patient was able to get about once more, and in August, 19-8, 
she was admitted to the University Hospital. 

Physical Examination . — The patient was an obese young woman of healthy appear- 
ance, weight was 215 lb., height 5 feet, 5 inches. There were no signs of syphilis, 
and aside from the cardiovascular system no objective observations worthy of record. 

All of the essential physical signs of aortic regurgitation were readily demonstra 
ble, viz., pronounced hypertrophy of the left ventricle, a celer pulse of nbnor 
mally large volume, and a diastolic murmur originating at the aortic orifice. There 
was nothing to indicate the presence of any other valve lesion. 

Enlargement of the ascending portion of the aorta was betrayed b\ the rea j 1 
accessibility of the innominate arteiy in the suprasternal notch, a vigorous sj sto ic 
impulse and pronounced diastolic impact over the aortic area; parasternal dulncss in 
the second intercostal space to the right of the sternum, and an accentuated aor ic 
second sound. The last named sign of an abnormally accessible aorta was par icu^ 
larly noteworthy in this case because of the partial replacement of the soun n 
loud diastolic murmur. 1 

In spite of the central leak, the minimum diastolic arterial pressure tended ton. 
a normal, or slightly increased, level. An average of fifteen measuremen s ma<^ 
under widely varying conditions was SI mm. Hg. Only twice was it foun ^ 
below 70 even when measured immediately after the administration of aniv n 
The highest figure recorded was 100, the lowest, 60. Similarly, the average ^ 
systolic pressure of 185 mm. Hg. was more than commensurate with the m r ^ 
demands of the patient’s aortic regurgitation. These facts were taken to ,nf ^ 
increase of arteriolar resistance, a factor which may well have confribu e 
angina pectoris. ; he 35 

There was little evidence of stasis proximal to either ventricle. Most o ^ 
per cent reduction of vital capacity could be explained by obesity, and 10 ^ 

were free of moisture. Slight, edema of the ankles occurred from time to time, 
engorgement of tho liver or veins of the neck was never demonstrable. 
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A NO IN A PECTORIS IN A YOUNG AIM' 1/1' 


Laboratory Examinatim.-Mi electrocardiogram showed normal canine » <4 >. m, 

ureponderance of the levocnrdiogrnm, and, in Lead III, an mo-elcctnc a 

slightly inverted T-wave, and slurring of QRS. The blood Wnsscrmnnn reaction was 
negative. Bona! resourcefulness, as measured l»y the usual methods, was undnmn.she 1. 
The urine and blood were normal. Teleroentgenograms succeeded m giving an wt i 
cation of the left ventricular hypertrophy, and were reported also ns showing accen- 
tuation of the aortic knuckle.” 

Summary . — History of repeated tonsillar infections, rheumatic fever, pancarditis, 
aortitis, myocardial failure, angina pectoris, poisoning by mercuric chloride. Pres- 
ence of left ventricular hypertrophy, color pulse of large volume, aortic diastolic 
murmur, signs of an abnormally accessible ascending aorta, elevation of arterial 
blood pressure. No signs of nephritis, no clinical or serological indications of 
syphilis. 

Diagnoses . — Aortic regurgitation of rheumatic origin; rheumatic aortitis; angina 
pectoris (Heberdcn) ; arteriolar hypertonus. 

Subsequent Course . — After a prolonged period of observation, covering many at- 
tacks, all who saw the patient became convinced that, she suffered from genuine an- 
gina pectoris. The seizures were precipitated by exertion, excitement, or exposure to 
heat or cold, and were always accompanied by severe angor anitni. The pain began 
in the precordia or left side of the neck, and rndinted up the neck, down the left 
arm, and throughout the whole left chest. The blood pressure did not rise appre- 
ciably. Nitrites always gave prompt relief. The number of paroxysms was reduced 
considerably by continuous administration of moderate doses of euphvllin and tinc- 
ture of digitalis. 

A year later (August, 1929) the. patient was re-examined and her condition found 
to be essentially unchanged. She had reduced her weight to 1(15 lb. The intervals 
between anginal seizures were averaging three or four weeks in length. The electro- 
cardiogram remained as before. 

In. October, 1030, the patient’s weight was about 155 lb., and she was somewhat 
more active. The maximum inter-anginal interval was six weeks. Digitalis and 
euphyllin continued to be absolutely essential to her comfort. 


COMMENT 

This case illustrates again the old observation, recently re-emphn- 
sizecl by White and Mudd, that Ileberdcn ’s angina pectoris in young 
persons seems to be related definitely to rheumatic aortic regurgita- 
tion. In addition, in presenting more than merely inferential evidence 
of rheumatic aortitis, it calls particular attention to the possibility 
that rheumatic infection of the root of the aorta plays an important 
etiological role in the angina pectoris of the young. 


KlSt'imilSNUES 

: in wu 

5. Sehwart^D a Pector ? s in a Child, Am. Heart J. 3: 495, 1928. 

hS*"* »v y S. A,, ” lts Witl1 w» 



SURGICAL ARTERIOVENOUS ANEURYSM IN THE 
TREATMENT OF THORACIC ANEURYSM 

A Case Report 


Joseph Uttal, M.D. 
Hempstead, N. Y. 


I N 1926 Babcock 1 presented a patient, upon whom lie operated for this 
cure of a thoracic aneurysm'. The operation Avas based upon the 
principle that by increasing the velocity of blood passing through the 
aneurysmal sac, the intravascular tension will be diminished. This 
A\ r as attained by making an end-to-end anastomosis between the common 
carotid artery and the internal jugular vein. In effect, the operation 
produces a large leak from the aneurysm back to the right heart. 

This is in accord AA’ith the simple hydrodynamic law that a liquid 
moving through a tube under pressure exerts pressure against the Avail 
of the tube inversely as the A'elocity of IIoav through the tube. A reduc- 
tion of resistance causes an increase in the A'elocity of the blood tluough 
the sac, resulting in. a reduction of the lateral pressure on the Avails of 
the aneurysm, thereby lessening the tendency of the aneurysm to blast. 

The patient that he operated upon Avas in a sufficiently precaiious 
condition to Avarrant the employment of such a radical procedure. Aitei 
a stormy postoperative course the patient, rapidly improved and was 
able to return to Avork. 

X-ray studies shovved a definite decrease in the size of the ancm.Asm 


and a slight increase in the size of the heart. _ . 

At Mount Sinai Hospital a similar patient presented himse m 
imminent danger of rupture and death. The same operation aa as con 
sidered, but it Avas felt that the patient Avas too poor a surgical nsv. 

AA'as decided to perform a side-to-side anastomosis bctAveen the > iacua 
artery and A’ein in an attempt to reduce the intra-aneurA smal pussvuc. 
A study of the case Avill sIioav that the result of the operation was no 

accord Avith expectations. • 

In 1923 LeAvis and Drury 2 shoAvcd clinically in five eases o >u ct ^ 
venous aneurysm resulting from AA r ar injuries and experimenta a 
operations on dogs that arterioA r cnous aneurysm or- side-to-si c ai 
tomosis resulted in a loAA'ering of the diastolic pressure, a AAatei F 11111 
pulse Avith a collapsing quality, an increase in the blood piessine m 
leg (Hall and RoAvland sign of differential blood pressures in t m < ^ 
and leg), capillary pulsation, increased heart rate, and cnlnigemen^ 
the heart; these signs in other AA’ords represented the lndKKU ian 
phenomena of aortic regurgitation. Gage and Herrmann 001111 01 ' 
these observations. 
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CASE REPORT 

J. M. P., aged fifty-two years, seaman-painter, was admitted to tlie Mount Sinai 
Hospital, New York, on April 10, 1928, complaining of a painful lump of two 
months' duration on the anterior chest wall. He had been married for eight years, 
and his wife had never been pregnant. He admitted having had a chancre on the 
penis twenty years before, and had received local and general treatment at that time, 
lie had been subject to pains in the anterior chest radiating to the right scapula 
and arm for two years. The pains were intermittent and lasted only from three to 
five days at a time. They had decreased in severity until two months before ad- 
mission, when lie had a sudden severe pain in the same location; the pain disap- 
peared as suddenly. In twenty-four hours he noticed a lump protruding from the 
anterior chest wall. Since then the pain had been less, but the mass had increased 
in size. The mass showed pulsation, which increased in intensity, and lately in- 
creased pain was noted. 
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brachial artery and vein. This was done in the usual method by Dr. Edwin Beer. 
■When the operation was completed, the vein gradually dilated under observation 
and the radial pulse remained palpable. The superficial veins distal to the 
anastomosis became dilated and remained engorged. The blood pressure taken in 
the leg dropped from 120/60 mm. before operation to 120/30 mm. after operation. 
In the arm the blood pressure dropped from 145/95 mm. to 120/55 mm. These 
readings were taken at different times. 

The immediate postoperative result was freedom from pain. The veins in the 
antecubital fossa became more distended. The aneurysmal mass appeared to in- 
crease in size. Two weeks after the operation, the patient began to complain of 
pain at the site of the operation, where there appeared an area of brawny indura- 



tion. This extended down the left ann, and remained for one 


week. The radial 


pulses were equal, and the bruit over the site of the anastomosis persists ‘ ^ 

dressings were nsed in the treatment of this condition, which uas pro a . 
either to a phlebitis or to mechanical obstruction to the return flow of the b ^ 
The electrocardiographic tracing before operation showed a slight thickc g ^ 
the QRS complex in Lead III, but no other abnormality. After opera ( 
abnormality was found. 

The teleroentgenogram showed a saccular aneurysm involving the nseendi g - ^ 
of the aorta, and four weeks after the operation a slight increase in t ie 
the aneurysm was noted. ^ 

The patient was discharged apparently improved but returned in ten d. . ^ 

' mass somewhat larger jirotriidina from tlie anterior cliest wall. The •"} 
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akin was ulcerated, and bright red blood was oozing from the eroded areas.. Tlie 
next morning the patient suddenly began to bleed profusely, became exsanguinated 

nT ' T lie C po st -mo r t cm report revealed that beneath the defect in tlie skin and sternum 
ns well as the second left costal cartilage, lay the aneurysm occupying the first 
portion of the aorta, with a perforation, 2 cm. in diameter, covered by a blood 
clot There was a second smaller aneurysm to the right of the first. There were 
also’ present a luetic aortitis and an acute splenic tumor. The anastomosis between 
the left, brachial artery and vein was patent. 


Blood Pressures Before Operation 


DATE 

LEFT 

RIGHT 

April 10, 192S 

140/S0 

135/75 

19, 


140/90 

22, 


145/95 

10 r.M. 

120/G0 (leg) 



AFTER OPERATION — APRIL 22, 

192S 

11 r.M. 

120/32 


12 Noon 

110/30 


23, 

120/G0 

115/55 



120/60 

2G, 


10G/5S 

27, 


116/GO 

29, 

102/48 

104/50 

30, 

116/65 

116/GO 

June 13, 

12G/72 

11S/6S before exsanguination 


COMMENT 


In tlie ease reported the operation performed served to add the further 
embarrassment of the hydrodynamics of an aortic insufficiency to a 
circulation already embarrassed by an aneurysm. 

Tlie Babcock operation has possible merit in that it is based on a 
sound hydrodynamic principle. The hydraulic effect of an end-to-end 
union is entirely different from that of a side-to-side communication in 
the treatment of thoracic aneurysm. This is borne out clinically in the 
rase presented. 

It is obvious that no hard and fast conclusions can be drawn from 
the lcpoit of this case, except that the formation of an arteriovenous 
aneurysm to relieve the lateral pressure on the walls of a thoracic 
aneurysm was of no avail. 


! s * r 'T , ' ea tl,ro "S h ,he «"“*W o £ Hr. George Boehr of the 

S^rSf^Torr" Be " * ’*** S “ ri “ » f 




A New Treatment for Thoracic Aneurysm, Ann. Clin. Med 


h Babcock, W. W. ; 

0 4: 033, 1926. - - - 

30^36^1923 ° bservatiOUS Belating to Arteriovenous Aneurysm, Heart 10 
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Selected Abstracts 


Levine, Samuel A., Andren, Thekla, and Homans, Katharine A.: Nosebleed and 

Vomiting in Rheumatic Individuals. New England J. Med. 203: 832, 1030. 

The frequency of spells of nausea, vomiting, and epistaxis was ascertained in 
one hundred individuals suffering from rheumatic fever or one of its allied con- 
ditions like eliorea or rheumatic heart disease. This was compared with the fre- 
quency with similar symptoms in a control group of one hundred nonrheumatic 
individuals of approximately the same age coming to a surgical clinic; Accouling 
to the method used in estimating the occurrence of these symptoms they were 
found to be three to four times as frequent in the rheumatic as in the non- 
rheumatic group. The authors believe that attacks of inexplicable nausea and 
vomiting and spontaneous nosebleed are in some way related to the rheumatic 

infection. They occur frequently during a period of the infection that generally 

is regarded as inactive. Epistaxis particularly may occur for years preceding the 
first definite attack of rheumatism. These features, togethei with others more 
commonly emphasized, will enable the physician to identify as rheumatic m.im 
conditions which at present go unrecognized or misdiagnosed. 

Shoemaker, Robert, III, and Eckels, John C.: Bullet in the Heart. Now 1 Jig- 

land J. Med. 203: 195, 1930. 

A white woman twenty-three years old was brought into the hospital n't 
bullet wounds in her chest. One bullet was found localized in the c ics 
under local anesthesia a 22-caliber bullet was removed in the situation i ^ 
the x-ray report. The other bullet was localized apparently in the ^ 

ventricle on the anterior surface probably- in the right side. It s louec • ^ 

cursion of 2 cm. during the cardiac cycle. It was decided that slI ’ee ^ 

was recovering after emergency shock treatment that no attempt s ion f p j,j ec _ 
remove this foreign body. Physical examination otherwise was unnnpo 
trocardiograms made during convalescence showed a normal cardiac J ree x, -im- 

patient recovered, was discharged at four- and eight-week intern u s 
illation. 


Fitzhugh, Greene: A Clinical and Pathological Study of Chronic My 

New England J. Med. 203: 201, 1930. 

An analysis of the clinical and pathological records of 228 selected * )Cer0 psy 

undertaken to study the relation between the clinical syndrome am ^ w ],icli 
findings in cases of cardiac failure. Cases chosen for study were l ? n £ arc ^ on of 
the heart showed at necropsy hypertrophy and dilatation, fibrosis, or ^ ^ cgc 
the myocardium. Hearts with valvular lesions were not included, t _ Qf 

except 28 showed during life clinical evidences of myocardial ii> su 10 v .p lVC 

the 228 cases, 125 died of cardiac failure and form the cardiac group- ^ Siting 
died of nephritis, 14 of cerebral hemorrhage, and 34 of miscellaneous a „. 

up the noncardiac group. The author then proceeds to analyze the 
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atomical lemons M - *XZ ^1.""“ 

in these two groups of patients. Importance of snw.li strums as u\ 

%ZXZ»* - throwing light on the significance of various cluneal -nptoms. 

Hoskin, Tenner: The Effect of Auricular Fibrillation on the Operative Risk in 
Hyperthyroidism. Brit. M. ,T. July 20. p. BIS, lfi-10. 

The present paper is the result of an investigation of S5G consecutive cases of 
Graves’ disease, exophthalmic ami toxic, in which all but 4 had operatue ie.i men , 
315 were cases of exophthalmic goiter and 41 of toxic goiter. Thirty eases o 
auricular fibrillation were found, 22 among the exophthalmic goiter cases and - 
among the toxic, a total of 9.52 per cent. It is probable that « ft'" - p;,s(,fi of 
transient fibrillation may have been overlooked. 

There were 12 transient cases, of which 10 occurred after partial thyroidectomy , 
in the remainder, paroxysmal attacks of auricular fibrillation were noted electro- 
eardiographicallv prior to operative treatment. In all 12 eases noinnil ibytlim 
was reestablished within a week of the operation without quinidine being admin- 
istered. Of the IS cases of permanent fibrillation, there were 4 deaths, 3 follow- 
ing operation. Of the remaining 14 cases. 7 became normal within a few days 
of operation, and in 7 the irregularity persisted. Of these /, three were not op- 
erated upon, 3 had partial thyroidectomy performed, and in 1 case the superior 
thyroid vessels were tied. One of these cases in which normal rhythm was restored 
by partial thyroidectomy relapsed into auricular fibrillation four months later. 

Out of the 356 cases investigated, the total mortality was 20. The presence of 
auricular fibrillation must be regarded as a distinctly unfavorable complication 
during operation. It is associated with cardiac enlargement, rapid pulse rate, and 
signs of congestive failure. The effect of the toxic thyroid secretion as shown 
by the raised basal metabolic rate is aggravated by an added impairment of 
cardiac function caused by the congestive failure. Tf is essential, therefore, that 
the thyrotoxicosis should be mlueed and t he ventricular rate controlled before 
operative procedure is contemplated. Lugol’s solution in combination with digitalis 
is indicated in preparing these patients for operation. 


Winner, otto: Some Observations on Mitral Stenosis and Measurements of Nor- 
mals Among Chinese. Am. ,T. M. Sc. 180: 200, 1930. 

Among 24,000 patients admitted to the Peiping Union Medical College Hospital 
during seven and one-half years, 95 men and 02 women were found to have 
mitral stenosis as a single or combined valvular lesion. It would seem that there 
is a low incidence of typical rheumatic fever among these people. In this group 
of patients it was found that the asthenic habitus was prevalent. 

For comparison an examination was made of 150 healthy young Chinese adults 
in order to determine whether there was a correlation between the 3 predominating 
characteristics found in the group of individuals with mitral stenosis, namely, 
asthenic build, mitral configuration of the heart, and a large angle of the ele’c- 
tncal axis. It was not clear that such a correlation existed. 


Famonnet, Aaron E., and Hyman, Albert S.: Barium Chlorid in the Stokes-Adams 
Syndrome of Complete Heart-Block: Negative Results in Eight Cases. Am 
M. Sc., 180: 356, 1930. 

of !!r T?° rS liaV ° 1,0011 Verted ™ the use of barium in a series of eight coses 
tLe cn ar \ bl ° Ck C ° mplicatea b 5 r the Stokes-Adams syndrome. In none of 

‘° Sa " W ““ ° f P Iln) ' m acologieal 

and the cT g ° r ' Sp ° eial attenti ™ "'as focused upon the quality 

“ S ” r " ta ™“ «*•*>• from 0.04 to „» “Jell 
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0.6 gram were given in twenty-four hours j these doses were continued in various 
cases from one week to. three months, and electrocardiographic control of each case 
was made from every two weeks to two months. While this series of eight cases is 
not large, the authors point out that the Stokes-Adams syndrome is by no means 
common ' and that the series is extensive enough to challenge the test of- barium ' 
efficacy. 


Harvey, Earle A., and Levine, Samuel A.: A Study of Uninfected Mural Thrombi 

of the Heart. Am. J. M. Sc. 180: 365, 1930. 

A study was made of all the necropsy protocols at the Peter Bent Brigham 
Hospital for the interval 1913-1929 in which 2,091 records were reviewed. The 
incidence of thrombi of the heart in patients coming to necropsy was found to he 
approximately 5.3 per cent or 111 instances. Seventy-three occurred in inales and 
38 in females. The thrombi were noted most frequently in the later years of life. 
The two decades from fifty to sixt) r -nine included more than half of all the cases. 
A positive Wassermann was noted in about 10 per cent, which is about the average 
incidence in all eases coming to the hospital. The frequency of sites of forma- 
tion of single thrombi were: left ventricle 31, right auricle 28, left auricle 6, right 
ventricle 4. There were 42 eases of multiple thrombosis.' The apices of the 
ventricles and auricle appendages were the most frequent sites of formation of 
mural thrombi. Auricular fibrillation definite^ increases the incidence of auricular 
thrombosis. 

The authors believe from their study that the two most frequent mechanisms for 
the formation of cardiac mural thrombi are the myocardial degeneration associated 
with coronary arterial disease and the improper functioning of the auricles leading 
to blood stasis. The diagnosis of cardiac mural thrombi rarely is made during 
life but should be suspected in cases of coronary thrombosis and coronary valvular 
disease showing evidence of emboli. 


Niles, Walter L., and Wyckoff, John: Studies Concerning Digitalis Therapy in 
Lobar Pneumonia. Am. J. M. Sc. 180: 348, 1930. 


This study is an attempt to determine the effect of digitalis as a tlierapeu m 
measure in the care of patients with lobar pneumonia. The number of cases 
available for the study has been sufficiently large to warrant drawing conclusions o^ 
value. The study has been conducted over a period of at least two vears ,me 
on patients admitted to the hospital with lobar pneumonia under careful ) con 
trolled conditions and given digitalis in sufficient amounts to produce clinica 
fects. Besults of this study should be known to every clinician, since it mar 
most important contribution to the subject. 

It would seem that patients with pneumonia are not benefited bj 
therapy; in fact, in this series of cases the mortality was slightly higher in 


group of patients who were digitalized than in those who received none. ^ 

Numerous tables analyze results from several standpoints. Prom a stud) 
the tables it would seem that for every one hundred cases in the con ^° 
who died there were one hundred and twenty-two fatalities in the. digitalis TC * 
group. In a small group of patients receiving a preparation of digit.i is ^ 
higher potency than indicated the mortality was 13.5 per cent higher than o ^ 
control group, or at the rate of 140 patients for every 100 control patients. ^ 
mortality rate is higher for both sexes in the digitalis treated groups as comp- 
with that of the controls. Tables also show that the mortality of the 
treated cases is higher than that of the corresponding controls in both the 
and younger groups. It is also shown that in all types of pneumonia, except . P 
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LjL septte complications may Sotcrminc it. The last table sl.mvs that tl.c 
SS a auricula, fibrillation and auricular flutter is the same rn the control 
and the digitalis treated group. The mortality is, however, distinctly higher m the 

digitalis treated group. , . , .. .. 

In conclusion, the Committee prefers to continue this investigation on the re- 
sults of digitalis therapy in pneumonia and to observe a larger number of eases 
over a series of years. It was the unanimous opinion of the Committee and its 
advisers that the results obtained thus far do not justify continuing the routine 
administration of digitalis to patients suffering with lobar pneumonia. 


King, Frances W., and Hansen, Olga S.: Electrocardiographic and Koentgeno- 

graphic Studies of the Heart in Tuberculosis. Am. Rev. Tuber. 22: 310, 1930. 

Studies of electrocardiograms and x-ray plates have been made on one hundred 
uuselected cases of tuberculosis at Glen Lake Sanatorium. The diameter of the 
heart was found to be lower in this series than in normal individuals. The hearts 
of one hundred cases without hypertension or heart disease coming to autopsy 
showed that the weight of the heart in this series is on the whole lower than that 
in the nontuberculous. Nearly one-third of this group had a eardiothoracic index 
heloiv 40 per cent as compared with one-fifth in the normal. 

The electrocardiograms of this group of patients following collapse therapy re- 
vealed that a high percentage (GO per cent) showed low voltage in one or more 
leads, the amplitude of the ventricular complex measuring not more than 5 mm. 
Roentgen ray studies indicated that the heart shadow was displaced by tuberculous 
processes in a considerable number of cases. Study of electrocardiograms in these 
cases noth displacement of the heart shadow yields insignificant results. The in- 
cidence of low voltage is practically the same in the right-sided heart and in the 
normally placed heart. The infrequent occurrence of low voltage in Lead I in the 
presence of left heart displacement, is the only point worthy of note in these figures. 


Hansen, Olga s., and King, Frances W.: The Influence of Pulmonary Collapse on 
the Electrocardiogram. Am. Rev. Tubcrc. 22: 320, 1930. 

Electrocardiograms have been studied in sixty-six patients who have undergone 
seventy-three pulmonary collapse procedures, analyzing findings before and after 
collapse. These procedures are almost invariably followed by changes in ampli- 
tude of the electrocardiographic waves, R-wave modification occurring in 96 per 
cent of the cases, but the type and the degree of variation arc not constant or 
predictable, according to either the side involved or the procedure carried on. 

valence suggests that the changes are due to changes in heart position, in- 
fac? Ced blg6ly plGUral and mC( tiastinal adhesions, more than by myocardial 


Hl Sen,mTro ?" McEwen ' c ' irrier ’ Swift, Homer F.: Antistreptococci 
1930 ^ 0f Patlents '"la Rheumatic Fever. Am. J. M. Sc. 180: 49 

a group 8 ’ ®I> se rved the therapeutic effects of antistreptococcus serum c 
fever. Three tv^ 0 f“ ? * Eo( * efeller ^titute *ith rheumat 

(2) SCA (indifferent T W “ antihemo1 ^ streptococcus serun 

(indifferent streptococcus) serum, both bovine and equine, and (3) n 
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anti-green streptococcus serum. The reactions following the use of any one of 
these three types of serum were irregular and while at times severe, were gen- 
erally mild and produced no injury to the patient. No well-defined improvements 
could be observed following the use of sera. 

The authors point out that it is not to be expected that any marked specific 
beneficial action would follow antistreptococcus serum therapy in rheumatic fever, 
for the disease is not of the general type which would respond favorably to a 
serum. It is not an acute disease like diphtheria, tetanus or scarlet fever hut a 
subacute or chronic infection resembling tuberculosis or syphilis in many of its. 
features. The amount of material responsible for the various manifestations of the. 
disease which are elaborated and conveyed to the blood varies in amount and in- 
tensity over long periods of time. 

The authors conclude that antistreptocoeeus serum in no wav should replace the 
long established therapy of rheumatic fever and that it docs not apparently add 
enough to warrant its universal adoption. In their experiments the unpleasant 
reactions sometimes attendant upon its application have not been outbalanced by a 
reciprocal certainty of therapeutic benefit. 

Leech, Clifton B.: Streptococcus Viridans Endocarditis in Children. Am. J. M. Se. 

180: 621, 1930. 

The records of the Harriet Lane Home revealed 13 instances of streptococcus 
viridans endocarditis proved by blood culture or by autopsy, 2 unproved but highly 
probable cases and 1 streptococcus viridans septicemia without endocarditis. The 
15 cases represent an incidence of approximately 0.1 per cent. An analysis of 
these records is partially indicated in the accompanying table. A discussion o 
the symptoms and signs indicates that this infection produces a cleai clinu.i 
picture of sufficiently constant characteristics to permit diagnosis e\en without 
culture' of the blood. 


Fishberg, Arthur M.: Auricular Fibrillation and Flutter in Metastatic Growths 
of the Bight Auricle. Am. .1. M. Sc. 180: 629, 1, 1930. 

Three cases are described in which secondary malignant growths in the right 
auricle were accompanied by auricular fibrillation or flutter. In the first o 
cases the involvement of the right auricle by the tumor was suspected during » c * 
in the two succeeding cases this diagnosis was considered very probable. 


Sheldon, Wilfrid: Bheumatism in Childhood. Lancet lit 394, 

This paper is based on the notes of six hundred consecutive cases of rhemnaL^ 
seen during the last two years at the Rheumatic Clinic of the Ilospita or ^ 
Children, Great Ormond Street. The children were divided into the <> 01 1 
four groups. 

One group was of 235 children with rheumatic pains in the limbs. ^ 
children form an important group, because of the possibility of a Inter dcu I ^ 
of heart disease. The pains rarely develop before the age of three • < ‘ irS ‘^ ^ 
are especially frequent during the night, and they occur in many parts o ^ 
body, chiefly the legs. An. accompanying curve shows that the pains 0ClW * 
frequently during the seasons when there is greater rainfall. Fifty "two _ 
children with rheumatic heart disease complained of these pains as the on y 
toms preceding the discovery of the heart disease; similarly 15 children out 
cases of chorea gave a history of such pains in the limbs. 
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The second group was of 133 children with a history of rheumatic fever or acute 
articular rheumatism. These children are rarely seen before the age o Ml -.«e ^ 
The author describes the well-known characteristics of rheumatic foci in )Ot g 
children. He believes that the relationship between rheumatic fever and hem l (Us 
ease is well recognized. In this group, 93 children (70 per cent) showed evidence 
afterward of cardiac involvement; of the remainder, the rheumatic fever was 
followed by chorea in f> cases. Only 23 children had been entirely free of rheumatic 
symptoms since their attack of rheumatic fever. 

The third group was of 197 children with chorea. Of this group, rheumatic 
heart disease occurred in ">2; rheumatic fever preceded the chorea in 5 eases, and 
in Id instances rheumatic pains in the limbs either accompanied or followed the 
chorea. Children with chorea are apt to be quick and intelligent and keen on their 
school work. 


The fourth group was of 2(iG children with rheumatic heart disease, a per- 
centage of 44. The author discusses the early diagnosis of the heart disease, par- 
ticularly the differentiation of murmurs associated with organic valvular lesions 
and functional disturbances. Aortic regurgitation was present in ft per cent of 
this group of children. 

The question of tonsillectomy in children with rheumatism is discussed briefly. 
In this group of children tonsillectomy has been performed on 90 per cent. Three 
hundred ninety-three wore operated on before admission to the clinic. Cases in 
which visible tonsil remnant remained after the operation have not been included 
in this study. Approximately one-third of the cases of rheumatic pains, chorea, 
and rheumatic fever begin these symptoms of rheumatic infection after the tonsils 
have been removed. The author believes that unless it. can be shown that tonsil- 
lectomy has a definite influence in the prevention of cardiac disease there seems 
small justification for the operation merely on the ground that the child is a 
rheumatic suspect. It seems more probable that the value of tonsillectomy in 
rheumatic children is in proportion to the degree of impairment of the general 
health attributable to the tonsils. 


Buffum, William P.: Management of Convalescence in Rheumatic Heart Dis- 
ease. Rhode Island M. .T. 13: 127, 1930. 

The author discusses the many criteria that can be used in watching individuals 
convalescent from active rheumatic fever and heart disease. Usual points to be 
noted are the temperature, pulse rate, general appearance, and color of the child, 
neight curve, and the physical signs noted on examination of the heart. Further- 
more, subcutaneous nodules should be looked for; the leucocyte count should be 
co i lowed, and occasionally the determination of vital capacity may serve as a guide 

L! i 0 ' T progrOSS - Tllc vital 0:1 pa city can be used as an index of the func- 
t'onal capacity of the heart. 

cc ,iS S , 0l,t that th ? ^termination of whether or not the active disease has 
one of t J' - VCTy and that * « Possible to rely entirely on any 

recurrence of T fUrt,,W eonvalesc(meo > afto tl!a patient is up, any 

again. ' Slg " S ° aCtlV ° dlS ° ase sll0 ' vs tl,at the P"tient should be put to 

r"'w,!!r e Tfr “rr"' , "” f " gc,,c "" « * *> «»»• 

He lMB V s to f ”' ,S «“ attarti °” '»» >»«el, on the heart. 

those p,Ke* T tl 1 °V «“ care that w 

farther attacks of rlieumatie fever?™' “ ° f to »»iHeetonij- ip the control of 
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Smith, Arthur L.: Configuration of the Heart in Cardiac Disease. Neb. State 

M. J. 15: 337, 1930. 

The author points out that accurate diagnosis of heart disease depends upon 
careful history taking, complete physical examination, and laboratory findings com- 
bined with employment of sensitive scientific instruments and exacting interpreta- 
tion of the findings. No one method will suffice for an accurate diagnosis. 

He believes that there is no such thing as x-ray diagnosis of heart disease. 
The size, shape, and position of the heart vary greatly in a normal person, and 
if these alone are considered, the diagnosis will often be incorrect. He describes 
the usual appearance of the heart in roentgen raj - films and also describes the 
changes that occur as the result of valvular disease and muscle enlargement, nc 
believes that each condition affects the appearance of the heart picture in a 
characteristic way. 


Drake, Carl B.: The Clinical Aspects of Sclerotic Changes in the Aortic Valve. 

Minn. Med. 13: 628, 1930. 

Pour eases are reported in which there was thickening with calcification in the 
aortic valves with physical signs suggestive of aortic stenosis. The author points 
out that the lesions may arise in old healed rheumatic valvular endocarditis. He 
believes that the aortic stenosis is the predominating lesion produced by the sclerosis 
but that there may be in many instances also an accompanying aortic insufficiency. 
Physical signs of aortic insufficiency may be obscured by those of the stenosis. 

The sclerotic process producing aortic stenosis does not particularly shorten life, 
is a gradually^ progressive affair, and the patient usually' adapts himself to a definite 
limitation in the field of his cardiac response. 


McKinlay, C. A.: Valvular Heart Disease in Young Adults. Minn. Med. 13: 024, 

1930. 

The observations noted in this paper are from 67 cases, chiefly, university 
students who were found on entrance and subsequent physical examination to hn\c 
valvular heart defects. They' represent a selected group without cardiac dccom 
pensation who had suffered little or no inconvenience from their condition. 

A relatively’ high incidence of aortic insufficiency was noted in the series. Clean 
tonsillectomy had been done in only about one-half of the cases.. Frequency ot 
hypertrophic and follicular pharyngitis is discussed in view of possible sigm icancc 
in relation to rheumatic fever, .the methods of treatment and prevention. 


Jolliffe, Norman: Liver Function in Congestive Heart Failure. J. Clin. Imcsti 
gation 8: 419, 1930. 

The frequency of clinical jaundice in a series of 231 patients vvith .j ur(J 
heart failure was observed to be 2.1 per cent. Tbe jaundice in this type o 
may' be of either tbe obstructive or tbe nonobstructive type. Using various m ^ 
to study liver function, 15 of tbe 16 patients had some alteration in lher 
though no characteristic type was found. Three subjects showed only one a > 
response to liver function tests; only' one subject showed all tests abnorma . ^ 

No parallelism between degree of heart failure and impairment of h' cr ^ 
could be noted in individual cases. As a group there was perhaps a P a * ^ 

tween the changes in liver function and the degree of edema and size o . lC . 

Any liver dysfunction induced by an attack of chronic passive congestion 
parently not permanent. Liver dysfunction still in evidence after recovery 
attack of chronic passive congestion indicates an independent liver impair 
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llX «**»“■ X cun. In- 

vcstigation 8: 533, 1930, 

Estimations of tlie circulation time as measured bv reaction to histamine ya 
dicate a retardation of the velocity of blood flow in the tinrimg P^ ,0 "J ' 

The authors believe this fact supports previous experimental eu dei ce - S 
reduction of the total output of the heart when the subject stands still. 


Pardee, Harold E. B.: The Significance of an Electrocardiogram with a Large 

Q-wave in Lead III. Arch. Int. Med. 46: 470, 1930. 

Attention is directed to the occurrence of records showing left, axis deviation of 
QRS or a normal electrical axis, combined with a large Q-wave in Lead , one 
that is 25 per cent or more of the largest deflection of QBS in whichever lead this 

may occur. _ . 

The majority of such records are obtained from patients with the anginal 
syndrome, but certain patients with myocardial fibrosis and congestive failure, 
certain patients with rheumatic heart disease, especially with pericarditis, and a 
few with hypertension will give such records. Certain patients who have cardiac 
symptoms but no definite evidence of cardiac disease have been found to show 
this large Q-III, and rarely (twice in 277 cases) such records arc obtained from 
apparently normal hearts. 

These records show a clockwise rotation of the vectors of flic QKR group, and 
frequently there is an inversion 6f T-III or of T-II and T-IIT. Both of these 
features depend on right ventricular activity, and it is suggested that the finding 
of a large Q-III indicates disease of the left ventricle, so that the right ventricle 
predominates during the spreading of the contraction in spite of the left axis devia- 
tion or normal axis direction of QBS. The effect of diaphragmatic movements 
on the large Q-III is noted and it is suggested that the occasional finding of a 
large Q-III in normal hearts may be due to an unusual distribution of the branches 
of the A-Y bundle and that a high position of the diaphragm may be a contributory 
factor. 


Nyiri, William, and DuBois, Louis: Experimental Studies on Heart Tonics. IV. 
The Main Factors of Digitalis Standardization with a New Assay Method. 
J. Pharmacol. & Expcr, Thcrap. 40: 373, 1930. 


The authors believe that warm-blooded animals arc to be' preferred as test 
material to animals lower in the animal scale and to plants. They also believe 
that the best way of administering heart tonics in the assay is the intravenous 
injection. Intravenous anesthesia is also to be preferred to the former methods 
of narcosis in animal experimentation in general and for the standardization 
of heart tonics in particular. 

The fall of blood pressure to zero, approaches closest the theoretically ex- 
pected end point of the experiment and thus is to be preferred to the observn- 
mn of the stoppage of the heart and the general death of the animal. 

Based on the study of these principal factors a practical method of digitalis 
• andavchzation is described using the rabbit as test animal. This method has 
ne following advantages: the animal is always easily available. The end point 

the t JT/ri / T US ° f th ° dr ° P ° f bl00d P ressm ' c - supplementing 

point as 1 , USG + 0U ; ’ ^ defmite aUd aS d0SC t0 th0 theoretical end 

net li n 7 expectcd - Bec ™ s « of the higher resistance to digitalis the 

S t diWiT 8 t t f iDg v 0f dl ' UgS ° f concentration as well as" drugs of 
lution without preliminary injurious manipulations of the heart tonics. 



438 


THE AMERICAN HEART JOURNAL 


All methods of standardization of heart tonics, including the one herein de- 
scribed, are toxicity tests and use the death of the heart or of the entire or- 
ganism as final criterion. In view of the therapeutic purpose of the heart tonics 
any method dealing with the determination of the therapeutic efficiency instead 
of the fatal dose obviously would be preferable. Unfortunately, such a method 
is not available at present. 

Dawson, M. H., and Boots, R. H.: Subcutaneous Nodules in Rheumatoid (Chronic 

Infectious) Arthritis. J. A. M. A. 95: 1S94, 1930. 

The 'authors have found a relatively high — approximately 20 per cent — inci- 
dence of patients with subcutaneous nodules in a group of approximately 200 
individuals suffering with true rheumatoid arthritis. The nodules have been 
observed only in cases of typical rheumatoid arthritis, aud in one case of Still’s 
disease. Three of the patients in whom the nodules occurred presented a history 
of a previous attack of rheumatic fever; four patients showed definite evidence 
of rheumatic heart involvement; in one patient the development of arthritis and 
the appearance of nodules appeared to bear a definite relationship to a previous 
attack of scarlet fever. 

Nodules have been exercised from 14 patients and subjected to careful his- 
tological and bacteriological examination. The material examined showed n 
striking uniform and characteristic picture. 

This study sustains the following conclusions: The subcutaneous nodule occur- 
ring in rheumatoid arthritis is a classic lesion of this disease. The histologic 
appearance of these nodules is uniform and highly characteristic. There is a 
striking histologic resemblance between the subcutaneous nodules occurring in 
rheumatic fever and those observed in rheumatoid arthritis. 

Sprague, Howard B., and Grayhiel, Ashton: Salyrgan as a Diuretic. Report of 

Sixty Cases. New England J. Med. 204: 154, 1931. 

Sixty cases treated with salyrgan are reported. Forty-six patients had cardiac 
diseases with digestive failure; eight had cirrhosis of the liver; four had cancer, 
and one each nephrosis and ovarian cyst. Diuresis was secured in 80 per cent 
of the cases and in 55 per eent this diuresis exceeded twice the fluid intake. 
The diuretic effect may often be increased by the use of ammonium cliloiidc or 
nitrate. 

The authors feel that the drug is an active and safe diuretic of paificulnr 
value in the treatment of congestive heart failure with edema of ascites fre 
various causes, and of nephrosis. It should be used early in the therapy of thc.c 
conditions and not reserved as a drug of last resort. _ 

The toxic effects from Salyrgan arc very rare and consist of mild ren. , 
gastrointestinal or skin irritation. 

This work supports the view that the chief effect of mercurial diuretics 
directly upon the kidney. 

Wolfertli, Charles C., and Margolies, Alexander: The influence of Auricular Con 

traction on the First Heart Sound and the Radial Pulse. Arch. Int. - c • 

46: 104S, 1030. 

A series of 7 crises with varying auriculo ventricular relationships all 4 , "' v ' 
inequalities of the first heart sound which could be related to the lengths 0 
intervals between auricular and ventricular systoles. These time relations torn ^ 
to be characteristic for each case, although the degree of incqunlitj wnoc 
exceptionally could not be recorded. 
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The inequalities of sound arc usually detected l»y auscultation mid furnisl. 
a valuable clinical test of dissociated boa tin- of the auricles and ventricles 
The absence of inequality of sound does not rule out the possibility of dissociated 
beating. In two cases inequalities in the size of the pulse waves were recorded. 
When the amplitude of the waves recorded was compared with the lengths of 
intervals between auricular and ventricular systoles, a definite relation was re- 
vealed. In both cases the curves showed similar time relations. In one, ine- 
qualities in amplitude seemed to vary from day to day. and occasionally no 
differences could be recorded. In three other cases tracings of the pulse waves 
failed to reveal changes in the amplitude of the waves that could be related 
to the aurieuloventriculav intervals. 

Simultaneous records of changes in the intensity of sound and amplitude of 


flic pulse waves showed that comparatively loud or faint sounds may be asso- 
ciated with comparatively large nr small pulse waves. It was, therefore, con- 
cluded that while both types of changes were dependent on phenomena resulting 
from auricular systole, the factors concerned were not identical. 

It is suggested, by indirect evidence obtained in this study that the changes 
observed in the amplitude of the pulse waves are due principally to the effects 
of auricular systole on ventricular filling and initial tension. The provisional 
hypothesis is adopted that inequalities of the first heart sound observed are due 
principally to variation in the position of the mitral leaflets at the beginning 
of ventricular contraction. 

The data presented indicate that in the clinical evaluation of the first heart 
sound ns evidence of cardiac vigor, modifications dependent on the duration of 
the aurieuloventrieulnr interval should be discounted. 


Drinker, Cecil K., and Field, Madeleine E.: Absorption From the Pericardial 
Cavity. J. Exper. Med. 53: M3, 1031. 

The pericardium in the rabbit proved to be a singularly inert protective mem- 
brane. Simple solutions placed within the sac are held without leakage and 
are absorbed practically entirely by the subepicardial blood capillaries. Such 
solutions do not leak through the extraordinarily thin pericardial membrane, into 
the pleural cavities even if subjected to slight pressure. When substances suelt 
as serum or graphite are injected, removal is extraordinarily slow. Iso evidence 
was obtained from the study showing the abrupt direct, type of Ivinplintie en- 
trance which is seen in the central tendon of the diaphragm after intraperitoneal 
injections. Such lymph drainage as occurs is through lymphatics in the. peri- 
cardium around the base of the heart and to a slight extent along lines of fat 
r-!n°| Slt v°w tll ° P<!nC:mllimi ' T]l ° st, hcj)icardial lymphatics are entered with 
L\ d ’f C . l, ty from <IlC « condition favorable to exclusion of 

noart from participation in pericardial infections. 
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La Pratique Medicale Iluustree. Les Endocardites Infectieuses— 
Diagnostic — Traitement. Directeurs Professeur E. Sergent, R. Mig- 
n ot, R. Turpin. Par A. Lemierre and P. M. Deschamps. Paris, 1930, 
G. Doin & Cie. 


Tliis is one of the series of fasciculi on various branches of clinical 
medicine published under the direction of Professor Sergent in Paris. 
Any publication bearing - the signature of Lemierre is worthy of care- 
ful study, and tliis volume is no exception to the rule. Some forty 
years ago that admirable clinician Neusser, of Vienna, sent one of his 
assistants to study in Paris with the observation: “The French excel 
in symptomatology. ’ ’ There are indeed no clearer clinical descriptions 
than those of the better French clinicians, a truth to which tliis bro- 


chure testifies. 

In the preamble the authors observe: “From a very general point 
of view the infectious endocarditides present themselves to the physi- 
cian under two different circumstances. On the one hand, in the 
course of a given infection, they may constitute a complication which 
should be systematically sought for because we know it to be very 
common under such conditions, but which remains in the bachgiound 
and exerts no influence on the immediate prognosis; this is the situa- 
tion which is generally 7 met with in the course of acute articular rheu- 
matism where Bouillaud’s laws should always be in one’s mind. On 
the other hand, the endocarditic complication may 7 overshadow the 
other manifestations of the disease which gives it birth: it dominates 
the prognosis. So it is in certain malignant rheumatisms and in t ie 
greater part of the so-called ulcero-vegetativc endocarditides. *e.' 
accordingly consider infectious endocarditis under two headings. 
Rheumatic endocarditis which, anatomically 7 , is verm cose 01 P 1C ' 
(2) Infective endocarditis proper, malignant or septic endocarc i is 
dependent on infection with py 7 ogenic organisms and chaiacteir/.e 
anatomically 7 by 7 ulcerative and vegetative processes. 

Rheumatic endocarditis they divide into (1) Simple rheumatic cnio 
carditis and (2) Malignant septic endocarditis. 

Tile insidious origin and course of the ordinary rheumatic ent oca 
ditis are well described and contrasted with the clinical pictuie o 
rapidly progressive rheumatic pancarditis with early cardiac *u 
The differential diagnosis between acute rheumatic pancai ditis at 
what we call infective or bacterial endocarditis is admirably set ™ 
They’ insist, especially, on the predominance of signs oi. cardiac <>i 11 
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in the former even if they be associated with symptoms ^ting 
orave pyogenic infection. They devote eight pages to the ean.lu de- 
scription of malignant rheumatic endocarditis and its distme. ion mm 

bacterial endocarditis. _ ,, 

Tliey then take up “the infective malignant or septic endoearditides 
dependent upon infection with pyogenic organisms, desenbmg hrst 
the acute forms in a general way before taking them up from an etio- 
logical standpoint. They point out their differences from malignant 
rheumatic endocarditis in the existence of a septicemia, nlcero-vegeta- 
five lesions and the frequency of embolic phenomena, and they insist, 
particularly, on the circumstance that the cardiac phenomena remain 
generally in the background. The outstanding symptoms are those of 
a septicemia. From a general clinical standpoint- they consider eases 
of 
w 


f a typhoidal aspect with high continued fever, and the pyemic lype 
ritli irregular remittent and intermittent lever. They call attention 
to the occasional instances in which the foci of iniection are parietal 
and difficult, to recognize clinically, and they refer to that group of 
eases in which the onset is sudden, with early and repeated embolisms. 
Finally they acknowledge that one may almost speak of a “cardiac 
form” with terminal thrombosis of the right, side of the heart and 
pulmonary embolisms. 

From an etiological standpoint they discuss streptococcal, pneumo- 
coccal, gonococcal and staphylococcal infections, and then mention rarer 
forms — endocarditis due to typhoid bacilli, enterococci (which we should 
include under streptococci), colon bacilli, HI. lelragcnus and the pneumo- 
bacillus. 

On page 30 the reviewer is quoted as having found infection with 
pneumococcus I more frequent than with the other types. With aug- 
mented experience the reviewer has found that among 31 cases the in- 
fection has been evenly divided between Types I, II and IV, one ease 
only showing a Type III infection. 

The authors then take up subacute, infective, malignant, endocarditis 
nhieh they distinguish from the infectious malignant endocarditis of a 
prolonged course m that, ils duration is from one to three months only. 
The description is admirable. At the outset they insist on the. fre- 
quency with which the process takes its origin on’ the basis of an old 
valvular lesion, and that, after all, as Vaqucz happily expressed it “it 

teion?> llty ’ " IM ” ,1< ' r ° £ l,Cat1 ’ for thl> o£ valvular 

On page 37, m speaking of embolic phenomena, thev point out the 
Wercnce between the clinical evidences of embolisms' spring f™„ 
thrombi m right and left heart. On the same m, tl „ , , 

statement is made that subacute endocarditis " , left helrt ‘is !, T 

( U ;T ™ S '° bs0 ™ «. cues 

; pei haps a little exaggerated. The reviewer 
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can put his hand immediately on the records of nineteen instances of 
infective endocarditis of the left heart of a duration of from one to 
three months in his own series, in which the aortic valves were in- 
volved. In eight of these the mitral valves were unaffected ; in three 
more the mitral involvement appeared to have been coincident with 
that of the aortic valves, that is to say, purely subacute. In the strep- 
tococcal series where the infective focus is more commonly on the seat 
of a chronic rheumatic lesion there were nine instances of involvement 
of the aortic valves, in two of which the mitral curtains were normal ; 
in a third, the mitral involvement appeared to have been purely sub- 
acute. 

They then consider “Infective malignant endocarditis of slow or 
prolonged course.” The manner of origin and the course of the infec- 
tion are carefully described and the diagnostic features judiciously dis- 
cussed. Under specific headings are considered (1) the probable signs — 
fever, anemia, splenomegaly, arthralgia — in association with the relative 
absence of alteration in the patient’s general condition and of signs of 
cardiac insufficiency, and then (2) the certain signs, especially embolic. 
They emphasize the circumstance that the emboli are not generally infec- 
tive, at least in the sense that they do not, as a rule, result in abscesses, 
but produce mainly mechanical effects. This, in a general way, is true, 
but it is only relatively so, for one should remember the frequency 
with which mycotic aneurysms, etc., may follow. 

The authors are, I think, a little too absolute in their unfavorable 
prognosis. There are undoubted recoveries, rare though they be. 


Under the heading of "clinical forms” they consider those instances 
in which the disturbances of the patient’s general condition is in the 
foreground; those in which the painful phenomena — arthritis, mj- 
algic, etc. — are the most prominent features; those in which the vis- 
ceral changes are notabe, embolism, degenerative changes giving use 
to Hippocratic fingers, nervous forms of the disease, renal forms, ie 
spiratory or more rarely, the occasional cardioplegic forms. Ihe.v 
mention the occasional termination with an acute exacerbation of t ie 
symptoms dependent upon renal or cardiac insufficiency or upon <m 
aggravation of the septicemia or a secondary infection, luna ) 
they acknowledge that in some cases the valvular lesions may be pu 
mary, arising on curtains previously unaffected. They insist that t ic 
foci are frequently parietal making the diagnosis difficult. In t ie 
experience of the reviewer parietal endocarditis though common is 
rarely unassociated with valvular lesion. . . 

On pages 55 and 57 there is an excellent summary of the diffeientm 
diagnostic features. The authors are perhaps a trifle too dogmatic m 
asserting that emboli are not seen in rheumatic cardiac disease, 
are, of course, instances of embolism in subacute rheumatic Iie.ut ,s 
ease with thrombosis of the auricular appendages in auricular 111 
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ti 0 n and the reviewer has seen repeated embolisms due to mussnt 
thrombosis on the wall of the left auricle in an instance winch simu- 
lated subacute infective endocarditis to an extraordinary degree. 

They justly point, out that in doubtful eases, in childhood and ado- 
lescence! one should turn toward the diagnosis of rheumatic endocar- 
ditis. The reviewer is, however, inclined to believe that secondary 
bacterial endoearditides arc commoner in childhood than is generally 
believed. In only G of 14G instances of streptococcal endocarditis of sub- 
acute or prolonged course in his series were the subjects in the first 
decade of life, yet the proportion of children to adults in bis material 
uas for a long time very low. Again one must remember that the culti- 
vation of streptococci from the blood oi patients with rheumatic le\oi 
is not rare, and of itself does not justify a diagnosis of vegetative or 
ulcerative eiulocardit is. 

The writers wisely refer to the ireijuent slow growth of the nonhemo- 
lytic streptococci and advise the observation ot the cultures for eight, 
days or more. The reviewer would extend this even turlher. He has 
seen abundant growth appearing first thirteen days after the making of 
the cultures. 

In their discussion of the treatment of rheumatic endocarditis the 
writers are sanguine as to the preventive value of salicylates. They de- 
vote a. page and a half to the discussion of the intravenous use of 
salicylate of sodium in rheumatic carditis. They recognize its dangers 
— the sclerosing action on the veins, “salicylate shock,” and, in one 
instance, sudden death, but they feel that with care, this method of 
treatment is free from danger and is sometimes of value. They advise 
10 per cent solutions of salicylate of sodium in H) per cent glucose. At 
first the dose should not be above 0.5 sodium salicylate. This dose 
should be increased gradually never to more than 3.5-2 per dose. 
Salicylate of sodium, 2 grams twice daily, is sufficient usually to keep 
the organism under the influence of the drug. 

There are many and the writer is one, who feel that, the intravenous 
use of salicylate of sodium is hardly justifiable at the present time. He 
is unconvinced that the advantages outweigh the dangers. He may be 
overcautious, but intravenous treatment seems to him justifiable only 
when the result obtained is more or less specific and when it can be 
obtained by no other method. Much of the modern intravenous treat- 
ment seems to him unnecessary, meddlesome and even dangerous, be- 
sides being annoying, inconvenient and expensive to the patient. ' 

The treatment of septic infective endocarditis is then reviewed The 

sneeSe ““Tf 6 “ * ^ ^ of most of 1he methods of 

A4 JT nSP C treatl " cnt - Tlle t«»tiiiont by cacodylate of sodium 

outaMom wa descrlhca as '“‘ravenous instend of sub- 

th legal d to subacute malignant endocarditis or that of 
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long duration, the authors conclude that “the malady remains, in the 
present state of our knowledge, beyond the resources of therapy.” 

On the whole this volume is a remarkably clear, wise and vivid discus- 
sion of endocarditis. It is distinctly a clinical description with little 
discussion of the anatomical changes. As such there are few, if any, 
better articles on the subject in. modern literature. 

IF. 8. T. 


Nouveau Traite de Patiiologie Interne. Maladies du Coeur et dks 
Vaisseaux. By Charles Laubry with the collaboration of Daniel 
Routier, J. Walser and Ed. Doumier. Paris, 1930 (one or two vol- 
umes), Doin & Cie. 

This work (1,200 pages with 242 illustrations and 10 large color 
plates) is more than a pathological study ; it is an attempt to classify 
diseases of the heart and blood vessels, to discuss etiology, symptoms, 
signs, functional disturbances, gross and microscopic pathology, treat- 
ment and prognosis. It is founded on the authors’ own work and 
study; is carefull.y written, systematically arranged and well illus- 
trated. At times one feels that the systematization is carried to the 
point where it becomes confusing rather than helpful, that a familiar 
subject (such as the arrhythmias) is being rewritten or that an impor- 
tant one (as tlirombo-angiitis obliterans) is passed over rather lightly , 
but these are minor criticisms. The section on diseases of the blood 
vessels is particularly interesting, and throughout the book the beauti- 
ful illustrations, the emphasis on pathological findings and the funda- 
mental good sense of the suggestions for treatment (even if one does 
not share the authors’ faith in the value of iodides) make this a 
valuable book. 

E. II. 


Hypertension. By Leslie T. Gager, M.D., Clinical Professor of Medi- 
cine at the George Washington University; Attending Ihjsici«m 
Gallinger Municipal Hospital; Associate Physician George M asliin^ 
ton University Hospital. Baltimore, 1930, 158 pages, Williams 
Wilkins Co. 


In this monograph a splendid exposition of the story of blooc 
sure from its inception to the present time has been accomplish^, 
book is very well written and thoughtfully conceived, so that it. is a 
pleasure to read it and follow the writer’s impression derhed ^ l0in 
vast literature on this subject and from his practical experience. ^ 
a great delight, for some of us at least, to find a clinician who is «) 
to acknowledge that functional pathology is of equal importance in u 
practice of the art of medicine with pathological anatom'. alK ^ 
some conditions, e.g., hypertension, are diseases attributable to p< 1 
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„,„. sW „„v and not to deviations Won, 11.C normal that may 
stinted to the eve or touch. In the development ol his subject ('«(.< 
has a singularly happy faculty in picking out the hrst-mma 8 
stones that are both interesting and slgniliennt, so that . |. 
the work becomes a source ol'. instruction instead ot a dr> <'sitogo 
of dates and happenings ns is so often the ease. The reMow o w 
facts in regard to hypertension are exceedingly well culled out and 
the arguments pro and con on any doubt Tul point are. t airly given. 
The generous statement that (p. 107) “As a matter ot lack it has been 
my experience that significant and lasting reduction in severe chronic 
hypertension is .frequently impossible either by drugs, venesect ion or 
withdrawal of ©orebro-spinal fluid,” is refreshing in its sincerity and 
honesty; it. corresponds to the experiences which all physicians have 
gone through and is vastly ditlerent iroin the impression created hi 
many reports which advocate certain iorms ot treatment- as being al- 
most infallible. Gager has used potassium thiocyanate with satisfac- 
tory results in patients with uncomplicated genuine or essential hyper- 
tension; he has been largely responsible for the favorable reception 
this drug is receiving in this country. This volume on hypertension 
■may be recommended to the physician who desires a review of this 
subject that embodies a thoughtful presentation, logical conclusions 
and a sparkling literary form that is rare in a medical book. 

11. O. M. 

Recent Advances in Cardiology. By C. F. T. East and C. W. 0. Bain. 
Philadelphia, 1929, P. Blakiston’s Son & Co. 

It is difficult indeed to restrain one’s enthusiasm in writing of this 
small book. It is small only in comparison with the average textbook 
upon diseases of the heart, for it contains nearly three hundred and 
fifty pages, and is surprisingly complete. The authors have “tried to 
give a summary of the new knowledge, and also to describe its bearing 
upon problems which are not primarily cardiac.” In a review so brief 
as this it is impossible to indicate how well they have succeeded, but 
of their success there can be no reasonable doubt. Not only have 
they given admirable summaries of recent advances in our knowledge 
of circulatory diseases, but they have also supplied that additional 
thing lor lack of which so many attempts of this kind have failed, 
namely, a running critical commentary that is well-founded, authori- 

nTd ‘ n "“*• T!, ° is concise, as it must 

each tutiiCf “ mi , SPa0 ° ! S <l0TOtel *° °™'- v phase ot 

each subject; tor example, such matters as the circus movement of 

n“h*v r Si ®f ktimi 7 tVscassecl iu teail "■*» «a- 

e elaut y- Ihe volume is not restricted to imttm-e a- 
^erd treatment and digitalis therapy arc each given an enfebng 
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From a series of chapters so uniformly excellent it would be gratu- 
itous to select any one for particular praise, but one can scarcely 
neglect to mention the discussion of circulatory failure as distinguished 
from cardiac failure. Altogether, the volume is one to be commended 
without hesitation to all who wish to bring their knowledge of cardi- 
ology up to date. It is superior in almost every respect to many of 
the textbooks now available. 


H. M. ill. 
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relationships) we could spread them out spatially (thereby neglecting 
the time relationship). 

A way of doing this was worked out mathematically by Eintlioven, 
Falir and deWaart, 3 but it has proved to be a very difficult, and cum- 
bersome method. In 1916 an encounter with the difficulties of this 
method led me to devise a method of analyzing the electrocardio- 
gram 1 which gave instead of three leads a single curve or monocardio- 
gram, the axes of which had a spatial significance. This monocardio- 
gram is really a fusion of the three leads of the electrocardiogram into 
a single curve by an algebraic reversal of the process by which three 
leads are obtained from one heart. The derivation of this single curve 



Fig. 1. — This shows the monocardiogram which is derived tronj jin elect! Electro- 
gram published by Einthovenh It can be seen that tire Ogee leads * ss j ve pro- 
cardiogram are really derivatives of the -monocardiogram, obtained bj . 

jeetions of the monocardiogram on the three sides of the equilateral i b ' t[ie 
Note that in this monocardiogram, as in all others shown in t s ar )n 

right side is on the observer’s left. This is m accordance v,ith tne o 
regard to Einthoven’s triangle and facilitates interpretation. 


or monocardiogram was at first purely theoretical and mathematics^ , 
but in 1925 I succeeded in devising an experimental appai*atus 01 
obtaining and recording this monocardiogram directly from the pa 
tient, thereby adding further proof of the validity of the method. 

The method of deriving such a single curve or monocardiogram can 
be made clear by reference to Fig. 1. This illustration shows the ma^ 
deflection in the three leads of an electrocardiogram original!} P u 

•This apparatus, called a monocardiograph, was developed with the aid of a P 
from the Rockefeller Institute and a description of it will soon appear. 




, IANN . ; in ,«™ E tat,ok or «.««*» ’"■ 0CK 
lislied by Shaven, These «■». !-*»> 

parallel to the sides o£ an equilateral fan ■ • ^ 

asr^^Ft; 

construction is adopted are made clear in my or>g>» P»P» ^ 
and depend on the fact, as elucidated by lmnthoven, ihat the P ojet 
tions on the sides of an equilateral triangle of any straight hue di.n 
within the triangle have a relationship similar to the relationship 
existing between the leads of an electrocardiogram. 

The production of a single curve from the three leads of an electro- 

cardiogram is more 
Fig. 1 prov 


than a mathematical or geometrical lour dc force. 


iO iUUl Vy *•' 

ides a clear and comprehensive diagram of the nmnnei 

•» • c ’i _ _ j • _ 1 
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which three leads arc derived from the single series of electrical phe- 
nomena taking place in the heart. The central curve or monocardio- 
gram represents graphically the electrical phenomena u hich occui 
during* successive instants (hundredths of a second) throughout the 
duration of the main deflection, while the three leads can he consid- 
ered as merely the projections of this central curve on the three sides 
of a triangle. They are really like three shadows of the central curve, 
thrown in three different directions. 

But while the shadows are spread out in time t he central curve is 
spread out in space. 'When this curve is to the right and above the 
zero point, it indicates that the center of negativity 0 is to the right 
and above the electrical contort of the heart. When the curve moves 
to the left of the zero point it indicates that the center of negativity 
in the heart has shifted to the left. Thus the monocardiogram affords 
us a method of localizing in a plane various parts of the cardiac muscu- 
lature, of analyzing an electrocardiogram with regard to its anatomi- 
cal significance, of determining what part of the cardiac musculature 
is responsible for various types of bizarre and abnormal electrocardio- 
grams, of locating the site of origin of extra systoles, etc. 

A consideration of the method of analysis here outlined will make 
plain that every properly taken electrocardiogram carries in itself tile 
possibility of being reduced to a single curve or monocardiogram and 
that this single crave can make evident a number of hitherto concealed 
anatomical and spatial relationships. Numerous questions as to the 
__and extent of myocardial damage following acute coronary artery 

* *« aaaa ww'aHffi 

si* 
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occlusion can be answered by means of this method of analysis. The 
determination of the site and extent of the lesions which produce 
electrocardiographic changes of the type known as intraventricular 
conduction defect or arborization block can be studied by this method. 
The exact nature of fibrillation and flutter and the location of the 
circus stimulation in flutter can be studied. The nature and srtnifi- 
cance of ventricular preponderance and its relationship to ventricular 
hypertrophy and to changes of position of the heart can be made clear. 

Much of my previous study has been based upon monocardiograms 
derived from electrocardiograms. Such curves, however, are open to 



Fig. 2. — This shows tnc monocardiogram derived from an electroc p ja t in 

lished by Lewis (Clinical Electrocardiography, London, 1913, p. pr . s i c ft) of 

this illustration the monocardiogram is mainly to the right (the ou , riirht) of 
the zero point while in Fig. 3 the curve is mainly to the left (the obsenei s nh 
tlie zero point. 


the criticism that they are theoretical and artificial and have 110 \ e 
basis in fact. The development of an instrument by means of 
the monocardiogram can be recorded directly from a patient m 
the necessity for any intermediate electrocardiogram has ienio' 


these objections. 

Much of the theoretical work of the past ten years must be s»l^ 
plemented with actual graphic records before our material is ie<u } 
publication but in the matter of bundle-branch block the dimes 


iUAXN : IXTKRI'K’KTATIO.V OF UrNUUMMAXCII fU.OFK 


•151 


so obvious and unequivocal that their analysis does not involve any 
appreciable doubt. 

Inasmuch as most of' the contusion about bundle-branch block has 
arisen from the work of Sir Thomas Lewis I have taken as typical in- 
stances of bundle-branch block the two curves which he published in 
his textbook, Clinical Electrocardiotjraphtj (London. Ibid, pane dl ). 
These curves are similar to present-day curves except that time inter- 
vals are indicated in thirtieths of a second. Each of these curves has 
been analyzed in a manner similar to that illustrated by Fi*r. 1. and 
the resulting monocardiograms are presented in Figs. 2 and 



a,,.,- 
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monocardiograms of two instances of bnndle-brancli block which were 
recorded in the eardio graphic laboratory of Mount Sinai Hospital. 
The same obvious shifting of the center of negativity is shown : one to 
the right and the other to the left. 

Now it is practically self-evident that in the human heart any delay 
or block in the excitation of the left ventricle ivill result in a shifting 
of the center of negativity toward the. right and that, conversely, a 
delay or block in the excitation of the right ventricle will .'shift the 
center of negativity toward the left side. It is also obvious that in 
right bundle-branch block the excitation of the right ventricle is de- 



layed and that in left bundle-branch block the excitation of the o 
ventricle is delayed. The analysis of such curves by the monocauio 
gram shows clearly that in right bundle-branch block the electrocai^ 
diogram shows an inverted main deflection, in Lead I while m 
bundle-branch block the main deflection is upright in Lead I. 

The criteria then for bundle-branch block may be defined thus. 

Electrocardiograms which indicate bundle-branch block exhibit the 
following characteristics: 

1. A main deflection which shows a width of at least twelve hun 
dredths of a second, good amplitude and smooth contour. 
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2. A T-wave which is opposite in direction 1o the main deflection 
and which is practically a continuation of the main deflection 
without any definite iso-electric transition period. 

3. Right bundle-branch block is indicated by an inverted main de- 
flection in Lead I and an upright main deflection in Lead 111. 

4. Left bundle-branch block is indicated by an upright main deflec- 
tion in Lead I and an inverted main deflection in Lead 111. 



rLemb\"t c b o a r o c! Vg OC ![ in the Mount 

’ 1110 0, ielnnl electro- 


* 3^r Ily i,cccptc<i ci -~ cs „ r 
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fairly normal to the type characteristic of intraventricular conduction 
defect and then toward the type which is characteristic of left bundle- 
branch block it seems quite superfluous to point out that the progres- 
sive injury is practically always located on the left side. 

As this paper was approaching- completion a very apt illustrative 
case presented itself. The patient, a man of sixty years, evidently 
extremely ill, had an electrocardiogram Avhich we regard as charac- 
teristic left bundle-branch block. The mono'cardiogram shown in Pig. 
6 is like Pig. 2 and Fig. 4. Post-mortem examination revealed an 



Fig. 0. — Monocardiogram of a case of bundle-branch block obsei e( ^ original 
Sinai Hospital. Observe the general resemblance to Figs. - ana a. 
electrocardiogram is shown in Fig. 7-<7. 

enormous organized thrombus adherent to the left septum and the 
anterior wall of the left ventricle with extensive destruction and i 
sis of the myocardium of the left side of the septum and the anteii 
wall of the left ventricle. There was narrowing of the left coioiu 
artery at its origin. There was a relatively tiny thrombus at the . 
apex of the right ventricle with no extensive gross damage to the ri 0 
ventricular musculature. 

The coincidence of extensive destruction in the region of the c 
bundle branch with a definite ante-mortem diagnosis of left mm ^ 
branch block was striking. Were it the only instance in which sue 
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coincidence was observed it could hardly be regarded as convincing 
evidence. But we have repeatedly seen the association of tins type of 
electrocardiogram with a gross lesion involving exclusively the left 
ventricle. The service of any large active hospital will provide numer- 
ous similar cases. 

As to the reasons for the earlier errors in the interpretation of right 
and left bundle-branch block it should he pointed out that the conclu- 
sions derived from experiments on the canine heart should not be ap- 
plied to the human heart without taking into consideration the marked 
differences between canine and human hearts in regard to both the 
position of the anatomical axes and the angle of the interventricular 
septa. In the experimental work performed on a rhesus monkey and 
reported by Lewis 5 the monkey’s normal electrocardiogram shows a 
decided tendency toward right ventricular preponderance, a condition 
which tends to invalidate the applicability of the results to the human 
heart. 

As early as 1916 the question of right and left bundle-branch block 
was a moot one. By 1917 these monocardiograpliic studies, supported 
by their correlation with numerous post-mortem observations, seemed 
sufficiently conclusive to justify routinely reporting the localization of 
bundle-branch block in a manner opposite to the published interpre- 
tation of Lewis. Within the past ten years and especially within the 
past few years numerous writers have dissented from the ' orthodox 
interpretation. The experience which we have derived from the mono- 
cardiogram since its employment in 1917 is now adequate to warrant 
publication in the hope that the weight of evidence, experimental, 
clinical, anatomical and statistical, will soon succeed in bringing the 
general interpretation of bundle-branch block into agreement vith the 
facts. Old errors cling - stubbornly and it is at times necessary to ic 
mind ourselves that while truth may be a bitter pill it is a good phjsic. 

SUMMARY 

1. The article describes a method of analyzing the elcctiocaulio B i« 
by a fusion of the three leads into a single curve or monocaidio 0 ia 

2. This method of analysis brings out anatomical and spatial m ^ 
tionships hitherto concealed and facilitates the investigation o su 
problems as the site and extent of myocardial and coronal \ e ‘ :l ° ^ 
the nature of fibrillation and flutter and the sites of origin o cx 
systoles. 

3. It is peculiarly well adapted to the diagnosis of right and 
bundle-branch block. 

4. Numerous applications of this method of analysis shou 
right- bundle-branch block the electrocardiogram has an inxcitei r) 
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deflection in Lead I while in left bundle-branch block the main deflec- 
tion is upright in Load I. 

5. The reasons for previous misinterpretations arc discussed briefly. 

The writer wishes to acknowledge his indebtedness to Dr. M. A. Rothschild and 
Dr. George Baelir for their suggestions and encouragement, in Hie preparation of 
this paper. 
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THE EFFECTS OF DIGITALIS ON PREMATURE AURICULAE 
CONTRACTIONS ASSOCIATED WITH ATTACKS OF PAR- 
OXYSMAL AURICULAR. FIBRILLATION. THE USE 
OF THE DRUG IN THE TREATMENT AND PRE- 
VENTION OF CERTAIN FORMS OF THESE 
ARRHYTHMIAS* 

Sidney P. Schwartz, M.D. 

New York, N. Y. 


INTRODUCTION 

A URICULAR fibrillation, ushered ill with a very rapid ventricular 
k rate varying between 150 and 250 beats per minute and not 
slowing with rest, is one of the most severe forms of this type of ir- 
regularity in patients with established heart disease and signs o 
congestive heart failure. It is one of the few disturbances of the 
cardiac mechanism which, if left untreated, may result in symptoms 
and signs grave enough to cause death within a comparatively si 
time after its onset. 

Within the last few years there have been admitted to the wans so 
the Montefiore Hospital a group of seven such patients u it 1 a ' a 
organic heart disease and signs of congestive heaxt fai uie u 10 
been subject to frequent attacks of auricular fibi illation vi 1 ® 
sistently high ventricular rate. These attacks were unaiia 
ceded for from one to three days by premature auiicu ai con ^ 

first coming on singly, then in groups of two oi moie. 1 , 

longed observation of these patients under conti ollec cone 
a variety of experiments carried out on them it has eon n 
almost all showed restoration to normal sinus lhytlim yi ien • 
given single large doses of digitalis within a compaiatne j s ^ 
after the auricular fibrillation was recognized. Iu a 0 j.ritnlis 
stances, the administration of adequate and judicious c oses o 
during their periods of normal sinus rhythm could pi e'en ^ 0 f 
of the premature auricular beats, and prevent t le appe< < ^ 

auricular fibrillation. Even after the prematiuc auiicu a ^.q], 
in, it was possible to abolish them and to restoie smus i > ^ 

digitalis. In every instance a relatively slow smus i a e . vc 

maintained after normal rhythm had been establishe ^ 
use of digitalis. 


•From the Medical Division of the Montefiore Hospital for Chronic Vic 
York City. 
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SCHWARTZ: EFFECTS OF DIGITALIS ON CONTRACTIONS 

Because of the close relationship that exists between the adminis- 
tration of digitalis and the restoration of normal sinus rhythm folio w- 
mg the onset of premature auricular beats as well as between the use 
o digitalis and the prevention of recurrences of auricular fibrillation,, 
with the accompanying signs of severe congestive heart failure, these 
patients form a distinct group among the large number of subjects 
Avith auricular fibrillation and from the point of view of treatment 
should be given special consideration. 

Three of these cases are reported in detail in order to call attention 
to the characteristic sequence of events that takes place following the 
onset of these irregularities and their response to variable dosages of 
digitalis. c ' ’ 


REPORT OF CASES 


Case 1. S. J., a female, aged 30 years, was admitted to the Alontefiore Hos- 
pital on Aug. 6, 1927. Her chief complaints were shortness of breath, precordial 
distress, weakness and swelling of the lower extremities. 

Previous Illness.- She suffered her first attack of rheumatism at the age of 20 
years. At 24, she was informed that she had heart trouble. Seven years ago 
(January, 1923) the patient began to notice for the first time that emotional dis- 
turbances upset her a great deal. Following a quarrel or a crying spell and at 

times shortly after least exertion she would become conscious of her heart beating 
very rapidly. 


At first she would feel isolated thumps of her heart against her chest wall. 
Within one to two hours she would be conscious of their increase in frequency. As 
she felt and counted her pulse and noticed that it increased in frequency and 
irregularity, she would find herself breathing with difficulty. At the height of an 
attack she began to feel precordial distress. At first the precordial pains were 
localized in the region of the left fifth intercostal space near the mid-clavicular 
line, but as the attack increased in severity, the pains radiated to the left shoulder 
and to the inner side of the left arm, and finally she felt the pains in the smaller 
fingers of the left hand. 


Hothing would relieve her pains or the shortness of breath except the adequate 
administration of digitalis. (These were the patient’s own observations.) She 
could predict almost with regularity when the attacks would cease by the way 
she responded to this particular drug. With the slowing of the heart rate she would 
begin to lose her precordial distress, her breathing would become easier, and within 
one to three days she could again count her regular pulse rate if she had received 
a “strong dose of digitalis.” 


Physical examination on admission to the Montefiore Hospital revealed a poorly 
nourished female complaining of difficulty in breathing. There was intense cyanosis 
of the lips, cheeks and ears. The superficial vessels of the neck were markedly 
distended. The apical impulse of the heart was in the fifth intercostal space in the 
region of the midelavicular line. A short rough systolic murmur followed by a 
prolonged diastolic, murmur could be heard as far down as the xiphoid region, 
f ho heart rhythm was totally irregular and averaged 120 beats per minute. There 
was a pulse deficit of an average of 30 beats per minute. The blood pressure was 
145 mm. of mercury systolic and 00 mm. diastolic. 

The lungs showed dullness with absent breath sounds over the right base posteriorlv 
from the angle of the scapula to the base. Many moist rales were heard at the left 
base posteriorly. The liver edge was palpable 3 cm. below the costal margin. There 
was moderate swelling of the lower extremities. 




Fig. 1. — Case 1. A series of serial electrocardiograms, nrrhvthniia an ,i 

appearance of successive changes in rhythm starting with 1 A ) ' cr minute: 
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Course and Progress . — On admission, t lie patient was put to tied and promptly 
given 3 e.e. of the tincture of digitalis to control her ventricular rate. Five days 
later a thoracentesis of the light chest yielded 1200 e.e. of clear straw colored 
fluid. With continued rest and further digitalization (3 e.e. daily) she felt hotter 
at the end of seven days. The edema of the legs disappeared, the liver edge was 
no longer palpable, she became free from dyspnea, and the heart rate had slowed 
to an average of 70 beats per minute. It was noticed, however, that at the end 
of nine days after she had received a total of 27 e.e. of the tincture of digitalis, 
she showed partial heart-block with a basic ventricular rate of 4-1 and bigeminal 
rhythm due to alternate premature ventricular beats of the ventricle. At this time 
all medication was discontinued. 


An electrocardiogram taken on Sept. 12, 1027, about one month after her ad- 
mission revealed the presence of sinus rhythm. This unusual sequence of events 
interested me very much, and the patient was watched from day to dav and studied 
very carefully with the idea of determining, if possible, whether the return to 
sinus rhythm was spontaneous or whether it was actually due to the use of digitalis 
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Emotional disturbances were the principal precipitating factors. Eacli seizure 
would be ushered in with premature auricular beats at first coming on singly and 
then in groups of two and three. As these became more frequent the ventricular 
rate would approximate 150 beats per minute and be irregular. The administra- 
tion of a large dose of digitalis given at this time would gradually slow the ven- 
tricular rate, the premature beats would disappear, the patient’s symptoms of 
breathlessness would subside, and the arrhythmia would pass away without fibrilla- 
tion of the auricles setting in. During the presence of sinus rhythm the appearance 
of premature auricular beats could almost invariably be prevented by the daily 
use of a sufficient quantity of the drug to maintain sinus slowing. As the effect 
of the drug would wear off, the whole sequence of events described above would 
repeat itself. 

The administration of a small daily dose of digitalis during the presence of 
established auricular fibrillation would invariably perpetuate the auricular fibrilla- 
tion and cause heart-block with multiple premature beats of the ventricle indicating 
the toxic effects of the drug. It was only during the effective exhibition of a large 
dose of digitalis at one time that the fibrillation would pass off. 

The auricular fibrillation wrns allow'ed to continue for several days at a time in 
order to note the effects on the symptoms and signs. Each time this was done, after 
about three days, following the onset, dyspnea would become extreme, the liver 
edge would get large and tender, and pulmonary edema with swelling of the legs 
would become evident. The high ventricular rate persisted even after the use of 
large doses of opiates. The longest period during which this patient was allowed 
to maintain this high ventricular rate was seven days. At this time the administra- 
tion of a 15 c.c. dose of digitalis at one time resulted after two days in the restora- 
tion of sinus rhythm. The symptoms of congestive heart failure following the 
onset of her irregularities cleared up within five days after the establishment of 
sinus rhythm. 

Finally the auricular fibrillation was allowed to continue for a period of several 
days again, when the intravenous use of digitalis was instituted to determine 
whether the rhythm would return to normal more quickly by this method than b) 
the oral administration. Nine c.e. of digifolin were given to her at one time 
intravenously. The heart rate slowed two hours later which was about two hours 
sooner than when the drug was given orally, but the return to normal sinus rhjtlun 
did not take place until two days after that. 

Permanent auricular fibrillation set in on Jan. 31, 1929, and shortly aftci warts 
the patient died in severe congestive heart failure. 

Case 2.— C. K., a female, aged 59 years, was admitted to the Montefiore Hospital 
on Aug. 8, 1928. Her chief complaints were shortness of breath on exertion am 
recurrent attacks of severe palpitation of the heart. These symptoms were o <P 
proximately two years’ duration. 

Previous Illness . — The patient had been well until five years ago (June, 
when during convalescence from pneumonia she began to notice, for the irs 


breathlessness on exertion. _ . 

In the winter of 1927 she experienced fainting sensation, following cxc ^ ^ 
and exertion such as scrubbing floors or walking up a flight of stairs. On res 
“medication” she overcame these difficulties, but there were recuri cnees o, s.^ ^ 
toms in March, 1928. In April, 1928, a severe attack of vomiting in a . n *°j jCrC 
her other complaints compelled her to seek admission to the People’s Hospita 
she remained for three weeks and improved considerably under rest an 
tion. She had been at home since her discharge from that hospital. _ ^ 

Physical examination on admission to the Montefiore Hospital revealed a ‘ 
nourished woman, severely dyspncic, with marked cyanosis of the face, *P S > 
and hands. There was distention of the superficial vessels of the neck. c 
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Of tl,e scapulae on both sides. The liver edge was palpable .1 «... below 1 he 
margin in the midclavicular line. There was swelling of the lower extronnt.L.s. 

The signs of congestive heart failure were attributed in part to the untreated 
irregularity 8 which was confirmed by electrocardiograms to be that ot nnnenlar 
fibrillation. 

Course and Progress.— On her first day in the hospital, the patient was given . 
c.c. of the tincture of digitalis in one dose. Because of her unusual history of 
attacks of palpitation which responded to medication at home, she was watchet 
very carefully. Three days after the administration of a single dose of digitalis, her 



. Fig. 2. — Case 2. Comparison records before and after the administration of a 
single dose of 12 c.c. of digitalis. Note the almost regular rapid ventricular rate dur- 
ing tlie presence of auricular fibrillation. The rate and rhythm returned to normal, 
three days after the drug was given. 


heart rate and rhythm returned to normal, her dyspnea and cyanosis had disap- 
peared, the swelling of her extremities had subsided, and tbe patient begged to be 
allowed out of bed. Between the time she had received tier first dose of digitalis 
on Au £; 9 > 192s > and the second week of September, 1928, tbe patient was kept oiT 
all medication except a mild laxative which she was allowed in daily doses. 

Examination on Sept. 15, 1.028, revealed that she was slightly dyspneic even at 
mst and that her heart rhythm was irregular, averaging 118 beats per minute. It 
was interrupted by many premature beats with compensatory pauses which were 
confirmed by tl.e electrocardiograms to be auricular in origin. Four hours later 
di :: ,ng T R fo»w»«‘ration of 8 c.c. of digitalis almost all of the premature beaS 
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cyanotic with her neck vessels pulsating tumultuously. The heart rhythm was 
almost regular but varied in rate between 210 beats per minute and 240 beats. 
Clinically it was very difficult to be sure that auricular fibrillation was present but 
electrocardiograms taken then confirmed the presence of the arrhythmia. 

Pour days after the onset of this irregularity, the patient was given 12 e.e. of 
digitalis orally, which she was able to take only with difficulty. On. the following 
morning, her apical rate was still irregular, but. it now averaged only 100 beats per 
minute. Two days later (Nov. 5, 192S), electrocardiograms revealed the presence 
of sinus rhythm. After the establishment of the regular rhythm the patient was 
given a daily dose of 3 e.c. of the tincture of digitalis, and within 10 days she was 
clear of all her signs and symptoms of congestive heart failure that had developed 
very rapidly during the presence of the arrhythmia. The pulmonary edema had 
disappeared, the liver edge had receded to its original level of 2 cm. below the costal 
margin, the ascites and the swelling of the legs had all passed away. 

In the ensuing few weeks, the patient was watched even more carefully than 
previously in order to see whether it would be possible to determine the causative 
factors and the mode of onset of her irregularities. 

Exactly 16 days after she received her last dose of digitalis, she began to com- 
plain of shortness of breath which was more marked than previously. Her heart 
rate was irregular and averaged 110 beats per minute. A diagnosis of premature 
beats with compensatory pauses was confirmed by the electrocardiograms to be of 
auricular origin. A dose of S c.c. of digitalis abolished the arrhythmia and caused 
a slowing of the sinus rate to 5G beats per minute within 5 hours after its admin- 
istration. 

Between Dee.. 4, 1928, and June 12, 1929, the date of her discharge from the 
hospital, the patient received daily doses of digitalis varying from 1 to 3 c.c. and 
never experienced any further attacks of irregularity of the heart. Throughout 
all this time, her ventricular rate was always about 60 beats per minute. 

Case 3. — S. K., a female, aged 61 years, was admitted to the Montcfiore Hos- 
pital on Dee. 21, 1928. Her chief complaints were recurrent periods of shortness 
of breath associated with palpitation of the heart and weakness. 

Previous Illness . — In the summer of 1928, the patient began to notice shortness 
of breath on moderate exertion and swelling of the lower extremities which has 
persisted since. In August, 192S, she became conscious of recurrent attacks of 
palpitation of the heart some of which would last as long as 5 hours and were fre- 
quently relieved by the continuous use of “green drops” prescribed for her bj her 
physician. On Oct. 23, 1928, she entered the Presbyterian Hospital because of 
rapidly progressive swelling of the abdomen and lower extremities, shortness o 
breath and yellow discoloration of the skin. 

Physical examination at that institution Tevealed a poorly nourished, dccplj 
jaundiced old woman lying quietly in bed without dyspnea or cyanosis and looking 
chronically ill. The heart was enlarged both to the right and to the left sides, t ic 
apical impulse being in the sixth intercostal space in the anterior nxillan hnc. 
Over this region there was a soft systolic murmur. A2 was accentuated, fhe heart 
rate was totally irregular.* 

The lungs showed many moist rales at both bases posteriorly. The abdomen was 
large and there was shifting dullness. The liver and spleen were not palpa > e- 
There was moderate swelling of the lower extremities. 

Shortly after her admission to the Presbyterian Hospital, a paracentesis o 10 
abdomen was performed at which 3000 c.c. of opaque, yellow colored finid vcrc 
removed at one time. 

•No note was matte at the Presbyterian Hospital as to whether there 
tleflcit present. However, it is definitely reported in this patient s chart 
irregularity was believed to have been due to premature auricular beats. 
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n f oo 1028 <nul Dec 6, 1028, she required il.rce separate paracenteses 
Between Oct. 23, 1028, ana . > > , . - u, e yumtefiove lies- 

of the abdomen for tbc relief of ascotes. " “> (n b|llll !lu , ,,|o,iri 1 ami 

within a few days after her admission, she was bum uinuori.um. 

was made at this time (Dec. 24, 1028) that her heart rhythm had become ir »p« • 

and averaged 80 beats per minute. . _<• 

Beexamination on Jan. IS, 1020, approximately three weeks aftc. the « ttn _ 

2 sinus rhythm, revealed no evidence of any dyspnea, cyanosis, edema or .pimid . 
ie apical impulse of the heart was in the sixth intercostal space to the left of the 


A 2 was ac- 


the 

The apical impulse 

midelavicular line. There was a short systolic murmur at the apex, 
centuated. The heart rate was regular. The blood pressure was 100 mm. of mer- 
cury systolic and 90 mm. diastolic. The abdomen was soft and there was no evidence 
of shifting dullness. The liver edge was 4 cm. below the costal margin at the 
midelavicular line. The spleen was palpable 2 cm. below the costal margin. The 
legs showed slight pretibial edema. 

Within one week the patient became ambulatory. She was able to be up and 
about until tbe morning of Feb. 8, .1020, when she had a severe attack. The electro- 
cardiograms taken on this day showed auricular tibrilkition with a very rapid ven- 
tricular rate. She received 0 c.c. of digitalis in one dose, and within two days there 
was a return to normal sinus rhythm and a disappearance of all symptoms of short- 
ness of breath and signs of congestive heart failure. 

Dor the next month she was placed under controlled observations, and .repeated 
electrocardiograms were taken to determine, if possible, whether there was any 
relationship between the return of her symptoms and the onset of her irregularities 
and the disappearance of the digitalis from her system as judged by a return to 
normal of the S-T interval and the size, shape and form of the T- waves. 

Changes in her rhythm, swell as marked shifting of the pace-maker and the ap- 
pearance of auricular premature beats, were observed to come on 17 days after she 
received the last dose of 9 c.c. of digitalis. At this time there was still evidence of 
negativity of the T-wavcs in Lends I and IT, indicating probably that not all of the 
digitalis had been eliminated. During the presence of sinus rhythm it was possible 
definitely to maintain n relatively slow sinus rate by daily doses of 2 c.c. of digitalis. 

From February, 1929, until May, 1929, the patient was amlmlaiory and did 
not require any further mechanical removal of fluids. 

On the morning of May 14, 1929, the patient began to complain of breathlessness. 
She had not received any digitalis in the week prior to that time. Multiple auricular 
premature beats were found to interrupt and increase her ventricular rate She was 
advised to stay in bed, and for the next two days there was a noticeable increase in 
the irregularity of her heart as well as in the breathlessness and the signs of eon- 
J«,vc heart M„„. On Ma, 10, «*», t „ .la,., atto „, c 
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pathological lesions varied, three showed evidences of chronic rheu- 
matic valvular heart disease, three had hypertension with mild signs 
of congestive heart failure and one had signs characteristic of mul- 
tiple myocardial infarction. 

Although as has been recently shown by Boas and Weiss 1 with the Car- 
diotaeliometer, the sinus rate in normal individuals is usually labile and 
influenced to a great extent by the extrinsic nerves of the heart, the 
sinus rates of these patients were particularly susceptible to these 
influences. They all showed marked diurnal and daily variations of 
their heart rates even while in bed. Best in itself or rest in addition 
to sedative medications such as adequate doses of bromides and 
chloral and in some instances, morphine sulphate, could not effect the 
lability of the sinus rate or prevent the appearance of premature 
auricular beats. 

It is very likely that the diseased heart muscle of these patients was 
a predisposing factor in the initiation of spontaneous premature auric- 
ular beats and the increase in sinus rates. For, while excitement, 
exertion and nervous disturbances were found to induce easily these 
extra auricular beats reflexly, it is well known that experimentally, 
direct or indirect stimulation of the cardiac nerves in themselves can- 
not initiate premature beats. Where premature beats have been 
demonstrated to follow stimulation of the sympathetic nerves or sec- 
tion of the vagi, they have invariably followed the use of substances 
known to increase the irritability of the heart. 2, 2 

The Effects of Digitalis on- the Sinus Bate . — -The administration of 
digitalis to these patients during the presence of sinus rhythm slowed 
the heart from an average rate of 95 beats per minute to (32. dhc 
presence and maintenance of a relatively slow sinus rate with normal 
rhythm were an essential requisite for their welfare; for, as can be 
gained from the protocols reported above, signs of congestive heait 
failure were greatest when the heart rate was irregular and rapid 
even in the presence of premature auricular beats. It was possible 
to maintain a relatively slow rate and regular rhythm and to present 
the marked lability of the heart rate normally noted, as well as the 
onset of the premature auricular beats, by the continued use of t ie 
drug in doses of 1 to 2 c.c. of the tincture per day. 

In this respect these patients form a unique group, for by maintain 
ing a sinus rhythm with a relatively slow rate by the constant use o 
digitalis from day to day, it was possible in every instance to pie\cn 
the onset of irregular heart action. Comfort was evident onh in t io 
presence of sinus rhythm, and no other drug could produce this e cc 
except digitalis. 

Contrary to general belief, the slowing of the ventricular ute dm 
ing already established fibrillation was not accompanied 1>> as nute i 
benefit even when the rate was as low as (50 beats, for signs o con 
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costive heart failure became increasingly marked even in the pres- 
ZToi TL vat, .. tong as the action .1 the W « ^ 

Therefore the we of fligitalis cloving the presence ol 
may be said to have acted bore as a prophylactic drug and 
life bv preventing the appearance of premature arnica ai < • ^ 
the paroxysms of aoricolar fibrillation with the severe aeeompant m» 
siens of congestive heart failure ending at. times m rapid death. 

No quantitative relationship was observed between the administra- 
tion of the drug and the changes in the electrocardiograms associated 
with digitalis administration. A diminution of the T-wavcs in nil 
three leads with a lowering of the S-T interval below the iso-cleclric 
line appeared equally as well after 3 c.c. as alter 10 e.e. of digitalis. 
The persistence of these signs in the electrocardiograms could not be 
taken as an index of digitalis action, since the disturbances in the 
sinus rate and rhythm were observed to appear even in Ihe presence 
of maximum changes in the electrocardiograms usually associated 
with digitalis and after the drug had been withheld for several weeks. 
For example, in almost all of the patients the T -waves had not as 
.yet resumed their normal shape when premature auricular heals be- 
gan to disrupt the sinus rhythm. 

The Effects of Digitalis on the Premature Auricular Beats. — Auricu- 
lar premature heats whether coming singly, in coupled rhythm, or in 
groups of more at one time, could be easily eliminated in these pa- 
tients by the effective use of digitalis. Conclusive proof that the ad- 
ministration of the drug was responsible for the abolition of the extra 
beats is the fact that invariably after their appearance the withholding 
of the digitalis would result within one to three days in the develop- 
ment of auricular fibrillation with a' very rapid ventricular rate. The 
premature beats would not disappear any faster following the intra- 
venous use of digitalis. Experimental attempts to induce premature 
auricular beats in these patients and to test out their abolition with 
digitalis intravenously were unsuccessful. Atropine did not induce 
piemature auricular beats in four patients in whom it was tried in 
closes of gr. % 0 intramuscularly. In one case, however, not only was 
there an increase in the basic ventricular rate following its use, hut. 
showers of premature auricular beats were initiated by the dm- 
within fifteen minutes after its injection, and these were followed by 
a very rapid irregular ventricular rate with auriculo-ventvicular dis- 
sociation which lasted for several minutes but disappeared however 
eiy soon. Such action of atropine has already been observed in man’ 
the explanation for this phenomenon is based on unequal clistvi’ 
bution of the action of the drug on the va-us ending T 
Plying the A-V bundle being paralyzed ’ 

escape of the ventricular rhythm and result , i r P “ lg ** 
auricles and ventricles^ « resulting m dissociation of the 
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Transitory irregular extrasystolie tachycardia of auricular origin 
was induced iu two of the patients by the use of adrenalin even after 
digitalis had been used effectively to slow the sinus rate for several 
weeks. The effects of adrenalin were more marked in the patient in 
whom it was possible to induce the irregularity of the heart by atropine. 

There were increasing symptoms of breathlessness and signs of con- 
gestive heart failure following the onset of the premature auricular 
beats. 

In two of the patients in whom bigeminal rhythm had been estab- 
lished after the appearance of auricular extrasystoles, the administra- 
tion of 6 c.c. of the tincture of digitalis to each one resulted in the 
abolition of the extrasystoles within four and four and one-half hours 
respectively. 

Their disappearance under the influence of digitalis still remains a 
fertile field for speculation. 

The Effects of Digitalis on Transient Auricular Fibrillation . — In 
every instance studied it was possible to show a direct relationship 
between the administration of a single large dose of digitalis and the 
disappearance of auricular fibrillation, with restoration to normal 
sinus rhythm following the use of the drug. For the persistence of 
the unusually high ventricular rate present in all, with which the 
auricular fibrillation was ushered in, was always accompanied by 
progressive signs of congestive heart failure, such as extreme breath- 
lessness and hydrothorax, rapid edema of the legs, enlargement oi 
the liver, ascites, and finally pulmonary edema. These events would 


take place in some patients more rapidly than in others, in the order 
mentioned beginning shortly after the onset of the arrhythmia and 
at times reaching alarming proportions within from twenty -four to 
forty-eight hours. When the pulmonary edema was overwhelming, 
no medication was of any benefit, and death would take place fiom 
asphyxia as was observed at the hospital in two patients. In three 
patients the irregularity was accompanied by profuse perspiration 
and symptoms of angina pectoris with radiating pains to the left aim 
and finger tips which persisted until the ventricular rate receded vith 


the use of the drug. 

The disappearance of the irregularity following the use of digitalis 
and the return to normal of the sinus rate and rhythm were accom- 
panied by a spectacular recovery from the signs of congestive heait 
failure, all of which would disappear within two or three days aflci 
the return of the rhythm to normal. 

The ventricular rate was always over 350 beats per minute when 
the auricular fibrillation set in, and the rhythm during this rapid 1{l *° 
was almost regular at times, exhibiting this regularity even in t ie 
electrocardiograms so that to one not accustomed to seeing t use 
cases, a diagnosis of the tachycardia was difficult. 
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In one ease that was followed constantly, both during the day and 
night the administration of a single large dose of digitalis halved the 
S* rate of 210 within font- hours after the med.eat.on « 
given orally, and within two hours when it was g.ven ...traveno usl, 
at another time. This low rate of about 100 heats lasted for two days 
and then gradually came down to about the relative normal o 6 o 
TO beats per minute when the transition to sinus rhythm took place 
as revealed by the electrocardiograms. 

In several cases in which the digitalis was given orally in doses of 
3 c.c. per day after the establishment of the auricular fibrillation the 
ventricular rate would also slow down but not until from 15 to 21 c.c. 


of the tincture had been administered. If further use of the drug 
was made, partial lieart-bloclc with a rate of 45 beats and prematiue 
beats of the ventricle with bigeminal rhythm due to them would set 
in, indicating the toxic action of digitalis. By withholding digitalis 
at such times there would be a gradual return of the rate to a level 
of from 60 to 70 heats per minute and then sinus rhythm would be 
established shortly afterward. The signs of congestive heart failure 
did not disappear as readily when small doses of digitalis were used 
to slow the ventricular rate. 

Following the use of a single large dose of digitalis and the restora- 
tion of sinus rhythm, the onset of auricular fibrillation could always 
be prevented by maintaining a relatively low sinus rate with the con- 
stant use of daily doses of digitalis of from 1 to 3 e.c. 

The transient nature of auricular fibrillation in patients with heart 
disease is now too well appreciated to require detailed comment. Its 
evanescent appearance and disappearance with only slight discom- 
fort have been observed in certain patients over a period of years 
without adding to the seriousness of their prognosis. In many in- 
stances the subjects of these seizures were not even aware of any- 
tlung being wrong with their cardiac mechanism. Consequently the 
benefits of the administration of any drug during these seizures in the 
absence of symptoms and signs is questionable. 


In such patients, quinidine has, nevertheless, been found of unusual 
value not only in curing the arrhythmias but ilso fa preve^„“ 
Quimchne is, however, contraindicated in congestive heart failure 

- 1 16 UmiSUally Uvge series of deaths following its use at 

the Montefiore Hospital. It is therefore .ratifying tn W « 

administration of digitalis in single large doses given J n V ° 
abolish auricular fibrillation with a ^ ^ 

— r tb : — ° £ 

attempt “ » - it is, n„ 

the administration of the drug in these cases. lhjth ^ snowing 



470 


THE AMERICAN HEART JOURNAL 


SUMMARY 

Seven patients with organic heart disease are reported who were 
subject to recurrent attacks of auricular fibrillation with a very rapid 
and persistently high ventricular rate that did not slow with rest. 
In each instance this arrhythmia was preceded for several days by 
premature auricular beats, first coming on singly, then in groups of 
tw r o or more at a time. 

In most instances the premature auricular beats were easily in- 
duced by psychic, nervous or emotional disturbances. If they were 
allowed to continue, auricular fibrillation invariably developed after 
two or three days. The premature auricular beats could be abolished 
and the onset of the auricular fibrillation could be prevented by the 
administration of adequate doses of digitalis, either orally or intra- 
venously. 

The onset of these irregularities was always associated with pro- 
gressive signs of congestive heart failure, such as extreme breathless- 
ness, rapid enlargement of the liver, effusion in the serous cavities 
and pulmonary edema. 

A large single dose of digitalis administered during the presence 
of an attack of auricular fibrillation resulted in the slowing of the 
heart rate within four - to five hours when the drug was given orally, 
or within two hours when it was given intravenously. Kestoration to 
sinus rhythm would not take place, however, until from two to three 
days after the administration of digitalis. All the signs and symp- 
toms of congestive heart failure precipitated by the disturbances in 
rhythm would gradually pass away in the presence of sinus rhythm. 

The administration of small daily doses of digitalis during the pres- 
ence of auricular fibrillation, in several patients in whom this form of 
therapy was attempted, slowed the heart rate but did not abolish flic 
arrhythmia or relieve the symptoms and signs. 

Six of these patients were ambulator}* and could carry on theii 
daily restricted activities so long as sinus rhythm was present. A 
relatively normal sinus rate could be maintained in all by the use 
of digitalis in small daily doses during the presence of sinus lhjthm. 
If the drug was discontinued for any length of time even when sinus 
rhythm was present, the premature auricular beats would leappcai 
and be followed by auricular fibrillation with a very rapid a cntrieu 
lar rate. If the ventricular rate could not be controlled with digita is, 
death w r ould take place within a short time from asphyxia due 
pulmonary edema. 

Because of the unusual response of these patients to ^aiia ) e ( 
of digitalis in the presence of sinus rhythm as well as _ 0 ^ auncu ' 
premature beats and auricular fibrillation, they form a distinct 
among patients with heart disease and should be ghcn spccia 
sideration when encountered in practise. 
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THE SIGNIFICANCE OF SPLINTERING OF THE TERMINAL 
PORTION OF THE QRS DEFLECTION OF THE 
ELECTROCARDIOGRAM* 

Leonard Steuer, M.D., and Harold Feil, M.D. 

Cleveland, Ohio 

/CONSIDERABLE diagnostic importance has been attached to 
^ splintering or notching of various portions of the QRS complex. 
Sncli notching is usually associated with other electrocardiographic 
changes which render the records distinctly abnormal. A large bizarre 
QRS complex, notched, with a duration in excess of 0.1 second and T 
in the opposite direction completes the picture of a bundle-branch 
lesion. A notched QRS complex in all leads, low in voltage, is evi- 
dence of intraventricular block. In this study, however, we wish to 
limit ourselves to a discussion of splintering of the final deflection of 
the QRS complex as an isolated, electrocardiographic phenomenon, 
and to point out the significance of such splintering. 

A. M. Wedd 1 has already called attention to the significance of 
notching of the R-wave and states that this is frequently encountered 
in cases of unquestioned myocarditis. In "Wedd’s series of thirty 
cases, seventeen showed notching of R in Lead HE alone ; three showed 
the notching in all leads ; four in Leads I and III ; three in Leads II 
and III ; two in Leads I and II ; and one in Lead I alone. Although we 
agree that notching of the R in one or two leads may be of clinical 
significance we must admit that similar notching does occur in records 
of normal individuals. 

The appearance of such notching in normal individuals has been 
pointed out by Lewis and Gilder.- In a study of fifty normal indi- 
viduals they found notching of R a in three instances; of R 2 in one 
instance; of R s in six instances in which its identification was not 
complicated. They likewise found splintering of the S'-wave in tv o 
instances in Lead II, and noted that apart from eleven eases of splin- 
tering in the opening events of ventricular systole, a division of 
was never seen in Lead III. Wiggers 3 states that humping, notchim 
or splintering of the R-wave is normal when it occurs on a small u m e 
in a single lead, and ivhen it occurs near the base of the ascending oi 
descending limbs of two different leads. _ 

In an effort to check the frequency with which splintering 0 1 1( j 
terminal part of the QRS deflection occurred in our series of noima^ 
records we examined the electrocardiograms of 119 known noinia 

•From the Medical Clinic and Electrocardiographic Laboratory of Mt. Sinai Ho. 
pital of Cleveland. 
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• r • i <ik c-noh notching occurred in one or two leads in twenty- 
mdmduals. bucii notcnn g Tin five instances: m 

Lead li ° . - T t ail a tt j n one instance; m Leads 

nnd TTI in two instances; m Leads i anci mu ’ . , , 

II and III in three instances. It is evident, however, that m the tot. 
of 119 normal individuals studied, in no instance did notching of. the 
final part of the QRS complex occur in all three leads. 

On the other hand, in a series of 4000 electrocardiograms taken 
from the files of Mt. Sinai Hospital we found splintering of the final 
part of the QRS deflection in all leads as the only electrocardio- 
graphic abnormality in 34 instances. In all cases where splintering 
occurred in three leads there was unquestionable clinical evidence of 
cardiac abnormality. The types of clinical cardiac abnormalities rep- 
resented in these cases are as follows : 


Hypertension 14 eases 

Rheumatic heart disease 13 cases 

Coronary arteriosclerosis 5 eases 

Hyperthyroidism 1 case 

Developmental defect 1 case 


41 per cent 
38 per cent 
15 per cent 
3 per cent 
3 per cent 


In these records with notching in all leads left preponderance oc- 
curred in 22 instances (G5 per cent) ; right preponderance in 2 instances 
(6 per cent) ; no preponderance in 10 instances (29 per cent). 

The actual cause of this splintering is a matter of speculation at 
present. We know that the QRS group of deflections corresponds to 
the excitation of the ventricles and that the conus and base of the 
left ventricle become electrically active at the peak of the R or a 
little later. 4 The terminal phase of the QRS complex is completed 
Avith excitation of both ventricles, and it is not unreasonable to as- 
sume that the notching is associated with an abnormality in the 
Puikinje conduction. This may be due to myocardial enlargement 
or endocardial changes— either of which might cause changes in the 
record of the course of excitation. 


SUMMARY 

A series of 119 electrocardiograms of 119 normal individuals has 
been studied and notching in the terminal portion of the QRS com- 
plex m all three leads has not been found in any of the cases Thirty- 
four cases showing the presence of such notching in all leads have 
been studied, and it has been found that there is distinct evidence of 
cardiac abnormality in all instances. It is therefore concluded that 

of the* OkT? 08 ,”” ^ Sh °"' S splinter “S ™ terminal part 
has lL Q S p . “ 1 kads is ttistinctly abnormal. This finding 

cases and records are^sliowm t5 ' PeS * “Native 
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ILLUSTRATIVE CASES 

Case 1. — E. C. A white male of 8 years. Rheumatic fever at 5 years. Systolic 
and diastolic murmurs at apex. Orthodiagram shows straightening of middle left 
cardiac margin with elongation of the shadow of the left ventricle. Clinical 
Diagnosis : Rheumatic heart disease, mitral stenosis and insufficiency with normal 
exercise tolerance. 

Case 2. — D. K. A white female of 19 months. Not a blue baby. Pneumonia 
at age of 7 months. Musical systolic murmur, best heard along left sternal margin 
in second and third intercostal spaces. Also heard at apex. Orthodiagram shows 
definite mitral configuration with straightening of the middle left cardiac margin. 
Considerable bulkiness to right and left suggesting a congenital septal defect. 
Chest 16 cm. Transverse diameter of heart 8 cm. Clinical Diagnosis: Develop- 
mental defect. 




Case 1. 



Case 3. — F. D. White female of 16 years. Attacks of chorea at 7 jeans an 
13 years. Loud systolic murmur at apex. Left border of cardiac dullness 1 
from midsternal line in fifth interspace. Orthodiagram shows initial configure i ^ 
with bulging of upper left cardiac margin and additional enlargement to ngi 
left. Bulging ot left auricle in right lateral position. Chest 23 cm. Aorta 3. 
Transverse 13.5 cm. Clinical Diagnosis: Mitral insufficiency. 

Case 4 .— N. G. White female of G2 years. Admitted to hospital m shcck^two 
days after severe pectoral pain. Diagnosis of coronary occlusion by one o '"" n ^ 

Notching appeared as first sign of abnormality in electrocardiogram, ja er ^ 
trocardiographic signs of coronary occlusion appeared. Clinical Diagnosis, 
onary sclerosis with occlusion of coronary artery. 

Case 5.— M. G. White female of G9 years complaining of prccordml P a > n • ^ 

creased palpable precordial activity. Right border of cardiac dullness C -* »ulrjr 
right- of sternum. Left border of cardiac dullness 2 cm. to left of mu ( a ' ' ’ ^ 

line in fifth interspace. Harsh systolic murmur o'er entire prccordium. 
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pressure 210/120; 17S/S6; 190/110; 160/7G. Clinical Diagnosis: Hypertension 
with cardiac hypertrophy. 

The following autopsied cases are presented. These show the splintering of 
the terminal portion of the QRS deflection in the presence of other electrocardi- 
ographic abnormalities. 

Case 6. — L. W. A white female of GO years admitted to the hospital complain- 
ing of shortness of breath and high blood pressure of two years’ duration. Has 
taken antiluetic treatment for the past seven years and malaria treatment for gen- 
eral paresis three years ago. Presented picture of congestive heart failure with 
enlargement of the left ventricle. A faint diastolic murmur was heard at the 
aortic area. Blood pressure 210/90; 200/90; 190/90. Changed from normal mech- 
anism to auricular fibrillation during hospital staj - and went downhill rapidly. 
No digitalis had been administered at time of first electrocardiogram. Orthodia- 



Case 7. 




Case S. 


gram shows tremendous enlargement to the left with considerable diffuse < i e a 
and marked increased density of the aorta. Chest 26 cm. Trans\ erse c 

Aorta 9 cm. Clinical Diagnosis: Hypertension with cardiac Inperfrophj, 
aortitis with insufficiency. . ^ 

Anatomical Diagnosis: Hypertrophy and dilatation of the heart (cue . ^ 

ventricle); (Heart weight S00 grams); luetic mesaortitis with . iniohcnien ^ 
the leaflets and slight insufficiency; generalized arterial and arteriolar sc er 

Case 7.— M. N. A white male of 56 years admitted complaining of 
spells of six months’ duration. Patient presented the lar£C head am ]"f\ ^*en- 
the long bones typical of Paget’s disease. Modern enlargement of tie c p ur j n(T 
tricle with a musical systolic murmur at the apex. Blood pressure 17G ^ ^ 

fainting spells heart mechanism would change from normal to bloc ". 
congestive failure and expired. Orthodiagram showed enlargement of l0ar _ j lCnr t 
Clinical Diagnosis: Generalized arteriosclerosis; heart-block; conges nc>^ 
failure: Paget’s disease. Anatomical Diagnosis: Calcium deposits mitra am 
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valves involving conduction system; mitral stenosis, considerable; aortic stenosis, 
moderate; hypertrophy of myocardium, weight 460 grams. 

Case S. — N. A. White male of 71 years admitted because of fractured skull. 
Heart enlarged, arrhythmic, no murmurs. Became stuporous, cyanotic and expired. 
Clinical Diagnosis: Fractured skull, auricular fibrillation. Anatomical Diagnosis: 
Fractured skull; cardiac hypertrophy and dilatation, weight 550 grams; moderate 
atherosclerosis of coronary arteries with several areas of scarring in myocardium. 
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SINO-AURICULAR BLOCK* 


A. W. Wallace, M.D., and L. N. Katz, M.D. 

Cleveland, Ohio 

O IN O-AURICUL AR block is a rather rare form of cardiac arrliyth- 
mia. The condition was first described by Wenckebach 1 in 1907, 
and a comprehensive review is given by Levine 2 of fourteen cases pub- 
lished befoi'e 1916. Levine, in his review, adds four cases of his own. 
Barlow 3 reviews thirty-two cases which had appeared in the literature 
from 1916 to 1926 and also adds four cases. White and Viko 4 reported 
only eleven cases in 3219 electrocardiograms taken at the Massachu- 
setts General Hospital from 1914 to 1922. The condition, hoAvever, is 
probably more common than is suspected (Levine, 2 Smith, 5 White'*). 

The most common form of the abnormality is that of an occasional 
dropped beat. It is unusual to find two or more beats dropped out in 
succession. Levine 2 reports one such case where five beats were 
dropped out, and in the series reported by Barlow' no mention was 
made of any such case. Although delayed A-V conduction is quite 
frequently associated with S-A block, and is emphasized by Lewis' 
who says that it is too frequent to be accidental, it is rare to have 
conduction so impaired that a ventricular beat is dropped. 

A case of S-A block with one and two dropped beats and delayed 
A-V conduction with a dropped ventricular beat is here reported. 

CASE REPORT 

Miss L. S., aged 30 years, a stenographer, entered the hospital September 9, 
1929, complaining of shortness of breath, palpitation, and edema of the lower 
extremities. About three years before, the patient had had an attack of influenza, 
and about two months following this she noticed that on slight exertion she would 
become short of breath. This was her first intimation of any heart trouble. Since 
then her activities had been greatly restricted because any overexertion caused 
shortness of breath and decompensation. The patient had had chorea twice, at the 
ages of 5 and 9 years, and had had many sore throats before her tonsils uerc 
removed in 1922. 

Physical examination on admission showed a slightly undernourished female. The 
heart was slightly enlarged to the left and right, and there were a systolic thrill ant 
diastolic shock palpable over the precordium. A late diastolic and systolic murmur 
were heard along the left sternal border, with an accentuated pulmonic second. The 
rhythm was regular, and the blood pressure was 100/68 mm. There were scattered 
rales at both bases, and there was slight pitting edema over both lower extremities. 
The white blood count was 10,200; the erythrocytes, 4,210,000; hemoglobin, < 
per cent (Sahli), and the urine was negative. Digitalis folia, gr. 3 daih, " as R 1 '* 11 
the patient and, with rest in bod, cardiac decompensation disappeared, urn 
patient was discharged much improved September 10, 3929. 

•From tho Heart Station, St. Luke’s Hospital, Cleveland. Ohio. 
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The patient was readmitted to the hospital October 12, 1920, because of cough 
and sore throat. After four days’ rest in bed and loeal treatment for an acute 
nasopharyngitis she was greatly improved and left the hospital against advice. 
She returned three days later (October 19) with bronchitis and remained m the 
hospital until October 24, 1929. During this stay, she showed no signs of decom- 
pensation. 

On January 27, 1930, the patient was readmitted to the hospital. One week 
before, she had had an attack of “influenza” followed in three days by painful 
joints. Examination at this time showed a liver which was just palpable and some- 
what tender. The heart was the same as on previous examinations. There were 
tenderness and swelling of the right elbow and left ankle. The patient was put 
on salicylates and digitalis folia,' gr. 1 b.i.d. The arthritis did not spread and the 
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strS^Lead flrlwo^owef sWips 3 are Lc"d'V°' 1 ?°' T °'J slrip - ^ U next 

P-P and P-R intervals. 1 ^ oacl m - Above each strip is plotted the 


St fiSE tt^wi r°’- an t gUlar% ° f t,1C noticed 

heart was “skipping beats T ITIZITV * ^ said that her 

auricular block. The patient insisted mi T' !° S1 ” m WaS taken wllicb showed siuo- 
advice and was told to slop the Stl T f * ,l ° 8pital tho ** ** against 
constantly since her first admission to the hospital ^ ^ ^ ° r le3S 

charge ten days befortshe 'haTblen taking d't 1 ^ 30 P ’ M ’ Since her dis ’ 

before admission she had developed frequency and no ° CCasionall T- ’ ’ The day 

elbow wastitl^^^^^ to the umbtus^Tltleft 

- heart showed a cardiac irregularity ^ “ 
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rhythm being interrupted by a dropping of one or two beats. The urine showed one 
plus albumin and many white cells. An electrocardiogram taken the next morning 
(Fig. 1) showed sino-auricular block. Atropine sulphate, gr. 1/75, was injected 
subcutaneously, and twenty minutes later another electrocardiogram was taken 
(Fig. 2) which showed complete disappearance of the S-A block with a quickening 
of the rate. The urine gradually cleared, the edema disappeared, and the patient 
was once more made comfortable. The heart was regular and no evidence of S-A 
block was ever noted after the atropine had abolished it. The patient was dis- 
charged on /March S, 1930, and has not been heard from since. 

DISCUSSION OP ELECTROCARDIOGRAMS 

In Figs. 1 and 2, tlie electrocardiograms taken on February 19 are 
shown. The record obtained on February 7 resembles Fig. 1 in prac- 





tically all respects except that no dropped ventricular beat was found. 
Above each curve in Figs. 1 and 2, are plotted the P-P and P-P hd el 
vals in hundredths of a second for ready reference. There is present 
in Fig. 1 a right ventricular preponderance as indicated by the invcr 
sion of the QRS in Lead I. There is some slurring of the R iu Leaf 
II. The P-urave is notched in all three leads, and a typical digita is 
inversion of the T-wave is seen in Leads II and IU- The P-P in 
terval is prolonged, ranging from 0.32 to 0.3S of a second, and in 
Lead II there is a dropped ventricular beat. A sinus arrhj thnria is 
present, and occasionally a long pause occurs which is equal to t"o 
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or three times the over,** eyele. Thus in Lone, T the « « >J 
terval is equivalent to twice 0.91 ol n second; in Le. d >' 1 

interval is equivalent to twice 1.06 of a second ; the long lenses l» th 
two strips of Lead 111 are equivalent to tw.ee 1.10 of as iocon.l, tune 
1035 o£ a second, thrice 0.013 of a second and twice 0.1 1 ol a second, 
respectively. These figures’ arc well within the variation present m the 
shorter P-P intervals, which vary from 0.02 to 1.00 of a second. '1 hero- 
fore, there can he little doubt that the longer pauses are due to so- 
called sino-am-icular block. The longer pauses in the electrocardio- 
gram taken on February 7 were also multiples of the shorter cycles, 
i.e., the longer P-P intervals were twice 0.89 of a second, twice 0.825 
of a second, tliriee 0.907 of a second, twice 0.89 of a second, twice 0.S85 
of a second, twice 0.94 of a second, twice 0.885 of a second and twice 
0.90 of a second respectively. These values are within the range of 
the shorter P-P intervals, namely from 0.S0 to 1.00 of a second. These 
observations indicate the presence of sino-anrieular block in this 
record also. 

It is interesting to observe that following the long pauses, the P-K 
interval shortens for one or two cycles, just as it does when a ventricu- 
lar complex is dropped out (Fig. 1). Unlike the cases reported by 
Levine, 2 when two pauses come together in this ease, the second is 
shorter (Fig. 1, last strip). 

An attempt was made to evaluate the role played by the vagi by 
giving the patient one seventy-fifth of a grain of atropine sulphate 
after Fig. 1 was taken. A record twenty minutes later (Fig. 2) showed 
a complete disappearance of the sino-anrieular block, together with 
the sinus arrhythmia. At the same time the P-P and P-R intervals 
shortened somewhat. However, the configuration of the complexes of 
the electrocardiogram remained essentially unchanged. This effect of 
atropine would indicate that the sino-anrieular block was caused by a 
vagal effect probably as a result of the action of digitalis. Since the 
sino-aurieular block so-called — was associated with a delayed con- 
duction m the A-V node and since both were alleviated by atropine 
it would appear that the change in the sinus node in this ease is in the 

hfftiation a COndUCti0n £listurWe ^her than of absence of impulse 

SUMMARY 

A case is presented which shows sino-auricular block with single and 
double dropped beats, associated with a prolonged A-V conduction 

d an occasional dropped ventricular heat. The sino-anrieular block 

thatalT , A T COn<Iuction by atropine indicating 

that the smo-auricular Mock was a vagal effect presumably due to 
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the myocardium in yellow fever 

I. THE Mtocamhae Function in Enpewmentae Yellow Feveii* 

AY ray Lloyd 
Toronto, Ont. 

INTRODUCTION 


tllC 


AMONG the changes in myocardial function occurring dimn„ — 
A course of yellow fever, bradycardia has been 
quently by clinical observers. Although Delmns m ^ . , 

yellow fever published in 1822 described this phenomenon, it remained 
for Charles Faget 20 to study accurately and to chart its behavior. e 
promulgated the law of a slowing heartbeat with a rising temperature 
in the early days of yellow fever, so that this seeming paradox became 
known as Faget ’s sign. It was confirmed by Ins confrere rouatre” 
and by later observers. 515 - 12 - 57 ’ 5 - 30> 81 ' 44 ’ 4S Retardation of the heart 
rate in yellow fever has also been recorded with considerable con- 
stancy by most recent workers in this field. It lias been desciibed b\ 
Noguchi 48 and by Elliott 10 as existing in eases of the disease met with 
in Guayaquil, Ecuador, in 1918. Selwyn-Clarlce >s and Aitken, 1 - ’ as 
well as Mahaffy, Walcott, and Klote,” • observed the sign during the 
course of the disease in British AYest Africa in the years 1925 and 
1926. The existence of this finding in the yellow fever of Senegal has 
been reported by Lasnet, 20 a French contemporary of these observers. 

Investigation of the type and causation of the bradycardia occur- 
ring in yellow fever lias been the basis of the experiments of several 
workers. In 1921 Colm and Noguchi 10 first attempted to record and 
differentiate the type of bradycardia in experimental animals with the 
aid of electrocardiography. Unfortunately their results upon monkeys 
and guinea pigs inoculated with Leptospira ictcroides and Leptospira 
icterohaemorrliagiae , in the light of our present knowledge, must be re- 
lated to the functional pathology of AYeil’s disease rather than to that 
of yellow fever. Cannell, 6 in 1928, pointed out that bradycardia oc- 
curred in this disease independently of jaundice. The same author 
noted fatty degeneration in the auriculo-ventricular bundle and sug- 
gested that the occurrence of auriculo-ventricular dissociation might 
offer a possible explanation of the slow pulse rate in the disease. Dur- 
ing the epidemic of yellow fever in Rio de Janeiro in 1928, Chagas 8 
describ ed a clinical picture occurring in from 10 to 15 per cent of° his 

Division of the Rockefeller Foundation at the Ro^fin„,.T t f-i I ^ teI l nati , 0nal Health 
search, and in the Phvsiolofrical ilwLorvYS n „"?, r Institute for Medical Re- 
fute. The author is greatly indebted to tlie conlw 0 ?' 9 G- Rockefeller Insti- 
these laboratories, Dr. IV. ‘a. Sawyer and Dr U \ t0 ih s 3lT vn h Y n ’W the directors of 
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patients, more frequently among those wlio recovered, which lie termed 
a suprarenal syndrome of the disease. The symptoms which this ob- 
server ascribed to an adrenal origin were profound debility, peripheral 
vasodilatation with redness of the face, dermographism, frequent cap- 
illary hemorrhages, arterial hypotension, bradycardia, and less often 
dissociation of cardiac rhythm. The following year Chagas and de 
Freitas , 9 in electrocardiographic studies of human cases, reported the 
occurrence of bradycardia and rarely of aurieulo-ventricular dissocia- 
tion. This latter phenomenon was assumed to be due to the influence 
of the vagosympathetic system. 


TECHNICAL METHODS 

Graphic Methods of Investigation.— A series of twenty animals was employed, of 
which seventeen belonged to the species Macacns rhesus and three to the species 
Macacms oynomolgus. Electrocardiographic tracings were taken of the cardiac action 
in these animals before inoculation with yellow fever virus. After a period varying 
from one hour to forty-eight hours after the registration of the normal electro- 
cardiograms for each monkey, the animal was inoculated intrapentoncal.y ot 
subcutaneously with 0.5 c.c. of fresh infectious monkey blood (Asibi virus) with- 
drawn by cardiac puncture from an infected animal on the first day of feier. P 
frequent occasions, when virus in this form was not available a quantity o 
desiccated blood, the preserved form of the Asibi virus, equivalent to 0 o ^ 
of whole blood, was dissolved in Locke’s solution and used for the inoentabo . 
Electrocardiograms were obtained whenever possible upon these ™als d nng he 
period of incubation, and upon successive days of the disease. Frequ 
the latter days of the illness tracings were taken twice daily. , . 

The monkeys were anesthetized in each instance five minutes e ore ,. 

eardiograplied. In securing electrocardiograms upon the first four anima, 
iso-amyl-ethyl barbiturate, administered in solution intraperitonea y, va. , 

anesthetic. Since in these earlier experiments it was observed tlia , wi ' 
employment of this anesthetic, the experimental animals died at t ie en o > 
of time twenty-four to forty-eight hours shorter than the aierage < * 

illness in the monkey inoculated with Asibi .virus, and before the (eieo 
well-marked yellow fever lesions in the viscera, it was abandoned to ie animal 
ether. The dosage of the former drug used to produce anesthesia in a 
amounted to 0.05 gram per kilogram of body weight. Ah elcctrocarc ^ 

taken with the animals in a supine position with four pom so plane, 

two scapular spines and the two ischial tuberosities, in the same 191170 1 ' ^ 

The electrocardiograms were recorded from the three stan ^ar ^ between the 
place it may be noted that Lewises : found no conspicuous i effnomo j ffW i 

levo- and dextrocardiograms in man and monkey. One amnia , • subiected to 

which developed peritonitis during the course of the experimen s, wa ^ c ] ec tro- 
electrocardiography on successive days of the disease precec mg ea offcrec i ns 

cardiograms on this monkey, which did not receive yellow fever iirus^ ^ animals 
controls. In all, 250 tracings were obtained upon this series. - ^ ^ ^ 

inoculated -with the virus, 17 died of yellow fever, v>ln c - r ^ 
disease. Following the completion of each physiological cxpcrime ^ rcnl0VC( l ) and 
of the animal, a post-mortem examination was made. The mar * g . ino . aur j cu lnr 
its cavities were opened in such a manner as to preserve in ac t j, cn f, x cd 

• node and the aurieulo-ventricular bundle. The whole can me . issu • ^ j n 

in Zenker's fluid. Sections were also taken of the liver, ku nc > » * fcrcr 

each case for the purpose of verifying microscopically the existence o . 

lesions in these organs. 
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as the cause of bradycardia, suggested by some writer, . ■ lp of 

=; jtjm: -:t; ± M 

existing bradycardia were taken on these animals before sub.n.t Imp : them 1o lb 
operation of bilateral vagus section. In one experiment elect roeard.ograms Re- 
recorded after the vagi had been isolated and were about to be cut. In all ox] e 
meats vagus section was performed immediately after the preliminary rceord.ng 
of the electrical changes accompanying the heartbeat. Electrocardiograms were 
taken again directly after the vagus section operation, and frequently additional 
ones mere obtained from ten to -fifteen minutes later. The remaining four animals 
of the group of ten monkeys relegated to the study of the problem of vagus effects 
mere monkeys in apparent health upon whom vagus section was performed for pur- 
poses of control. In this series as well, tracings were taken immediately antecedent 
and subsequent to vagus section. Both the surgical and electrocardiographic, pro- 
cedures were carried out under other anesthesia. After the completion of each 
vagotomy experiment the animal was killed by the continued administration of ether. 

The operation of vagus section was performed first, on (he right vagus nerve 
and then on the loft. Section of the nerve was carried out at the point where the 
superior belly of the omohyoid muscle crossed the common carotid artery. In man. 
most of the rami cardinci superiores arise from the vagus trunk below this level, 
while all the rami cardinci inferiores arise either from the right vagus and 
recurrent laryngeal nerves or the left recurrent laryngeal nerve below this point. 

However, this method of bilateral vagus section would not insure the cutting of 
those few fibers which may sometimes arise from the superior laryngeal nerve. I 
am unable to say whether such fibers exist in Maccteus rhesus. The method of 
abrogating vagus function by section of the two main trunks was chosen in 
preference to the more usual one of atropinization, because it would seem to offer 
more certain and less controvertible results. 

Following the completion of tiieso physiological experiments, autopsies were per- 
formed upon the animals. The hearts wore carefully excised from the bodies, so as 
to include the muscle at the junction of the superior vena cava with the right 
aunele. After removal of each heart, its cavities were opened, and the entire 
cardiac tissue was fixed in Zenker’s fluid. 




1 * Physiological observations upon the sino-airial node and- vagus nerve. 

The observations upon the cardiac rate demonstrated tlmt bradycardia 
is a constant finding in experimental yellow fever in the monkey It 
was absent m only one instance, that of M. rhesus 15, in which cardiac 
puncture and the attendant deprivation of blood had been instru- 
mental in producing the early death of the animal. In M. rhesus 8 
iere existed normally a very slow heart rate. The rate increased 
“ y » *• of the incubation period, after St 
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illness oimoZ^^ ^result of. Section with 

It was characteristic of the course of experimental >c l<m loci 
this series of animals that the heartbeat remained regular m its oc- 
currence. Only twice was disturbance of rhythm met with timing t it 
course of the disease. An irregular cardiac function was observed in 
the dying heart of M. rhesus 17, in which animal the heart stopped 
beating during registration from the third electrocardiographic lead. 
In M. rhesus 12, on the morning of the fourth and last day of the dis- 
ease, when the heart rate had become slowed from the normal of 205 
beats per minute to 80 heats per minute, the rhythm became a little 



Fi °- L— Bradycardia of yellow fever. Upper tracing shows the heart rate and 
the duration of the P-R period in N. rhesus 12 before inoculation with the virus. 
Lower tracing- represents the degree of bradycardia nnd the lengthened P-R interval 
in the same animal on the morning of the fourth day of the disease (Lead II). 


irregular. So slight was this change that it could not have been de- 
tected except by graphic methods of registration ; the variations in 
the intersystolic periods were never greater than 0.08 of a second. 
The difference in length between intersystolic periods in the rhythm 
of this heart ranged from 0.04 to 0.08 of a second. Table I which 
presents the variations in cardiac rate from day to day of the disease, 
as measured by electrocardiography, and Pig. 2 which presents the 
same data in graphic form, give a better conception of these changes 
than could be obtained from further description. Recourse may also 
e taken to the serial cardiographic tracings (Pigs. 7 and 8) which 
depict among other occurrences the lengthening of the intersystolic 
penod m some of these animals during the later course of the disease 

invfg.T ^ SS C ° mm ' ed "' Hl1 ‘ he "°™ al > is " ls ° "'OH shown 

The effect upon the existing bradycardia of cutting the va-n is of 
Pecuhar Merest. The results of the experhnents in 
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tion was performed demonstrate that the bradycardia occurring in 
rhesus monkeys during the course of their illness from yellow fever 
persists after bilateral section of the vagus nerves. In only one animal 
was vagus section followed, by a heart rate more rapid than that 
existing- before the operation in this case a bradycardia of 80 beats 
per minute was replaced by one in which 104 cycles were recorded 



Fie. 2. — The heart rates of the various animals studied in Jj.s-cn.se. The 

experiments have been represented graphically from day to aaj o intervals; the 
abscissae represent the time of the disease measured at l ' ve Y c ‘ . drawn in 

ordinates represent the rates of heartbeat- The curve for eacii a .. development 
a different type of solid or broken line. The progressive . linos toward the 

of the bradycardia is well shown in the downward trend of mo t 
later days of the disease. 

during the same period. It should be borne in mind, howe-sei, that ^ 
later recorded rate of 104 was still half the original cardiac fiequen*.^ 
and represented a most marked bradycardia. In one instance m 
series the heart rate remained the same before and after \agus 
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by 3 the P-R interval of the electrocardiogram, was noted m five ot the 
ten experiments. This increase in the P-R period was never greater 
than 0.02 of a second. Its occurrence recalls the effect of. vagal sec- 
tion or of atropinization in increasing the A-V block which follows 
rapid auricular action. 36 With regard to this consideration it may 
also he noted that in the dog’s auricle in many circumstances m which 
the transmission intervals are long, vagal stimulation shortens these 
and, where actual block exists, partially or wholly relieves the condi- 
tion. 37 ’ 39 ’ 3G ’ 15 ’ 10 In the remaining five experiments the conduction 
time was in one instance shortened, and in three instances unchanged, 
following the cutting of the vagi. The evidence of the control experi- 



T T _^!fv^'77’*' nllependen S e *-he bradycardia of yellow fever of vagus nerve influence. 
Lower represents h ® art . rate in M. rhesus 2 before bilateral vagus section. 

Lower tracing shows the heart rate m the same animal following vagotomy. 


ments suggests that even in normal monkeys the vagus nerve exerts 
little effect upon the heart rate during ether anesthesia. The latter 
suggestion is in keeping with the finding of Gold, Gryzwacz, and 
Nowicki 23 that ether by inhalation, in doses that do not paralyze respi- 
ration, depresses hut does not completely paralyze the vagi. In these 
control animals the heart rate was in two instances unaltered, on one 
occasion slightly raised, and upon another slightly lowered, following 
bilateral vagus section. Vagus influence upon the heart rate is known 
to be very fluctuating.- It is very well marked in the dog and to a 

from’animaTt 111 ^ t0Ue ™ es from s P eeies to species,- 

within Jw “ t! ‘ e SSme S1>ecies ’ mld £rom time *0 time 

pointed out, thTbradycardia^of sino-^triafori^n^s 

Sl ° W hean rate ° f yell ° W fever P ersist s during anesthesialndueedty 
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sodium iso-amy 1-ethyl barbiturate given intraperitoneally in a dosage 
of 0.05 gram per kilogram of body weight.. This result was consistent 
in the four animals of this series on which the drug was used. The 
amount given to one animal frequently equalled 100 to 150 milli- 
grams, depending upon its weight. Lieb and Mu] in os 12 have shown 
that when 20 milligrams of sodium iso-amyl-ethyl barbiturate are 
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nates represent the time values of the P-R intervals measuryu .fiVrcrent tv’pe of 
sand Uis) of a second. The curve for each animal l-'s 'l'ov.n in . lengthening of 
solid or broken line. A progressive but not a constant fhnn-n P 

the conduction time during the progress of the disease is well sho 


t f 

given intravenously to a cat, prolonged, but temporary, paialysis 0 
the vagus fibers to the heart results. These considerations aie C1 
because it is believed that the evidence points to the concept t iat 
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— v- b— “L-=°^r^ Bxra,mtM “ b "' ” 


MONKEY 

NUMBER 


g 

2 

1G 

7 

9 

12 

21 C 

22 C 

23 0 

24 C 


| BEFORE VAGUS SECTION 

AFTER vagus section 

I nnvnitm'inv 

HEART RATE* 

180 

150 

174 

180 

135 

80 

222 

246 

202 

252 

CONDUCTION t 
TIME 

HEART RATE 

TIME 

o.os 

0.10 

0.08 
: o.os 

1 O.OS 0.096 + 
0.12 

0.08 

0.056 

0.12 

0.08 

156 

150 

i 158 

172 

120 

104 

225 

234 

235 

252 

0.088 

0 . 104 ' 

0.10 

O.OS 

0.08 

0.14 

0.08 

0.06 

0.10 

0.08 


•TToart i-ntp recorded in beats per minute. , 

t Conduction time as indicated by P-R interval of the electrocardiogram, jecoided 

in decimals of a second. 
fTraction on vagi. 

C — Control experiment. 




Pig. 5.-— Electrocardiograms of yellow fever 
morning of the third day of the disease. 


Tracings from M. rhesus 12 on the 
Note negative P 3 and Ti deflections. 


bradycardia of yellow fever is independent of vagus influence. Table 
II summarizes tlie results of the vagus section experiments; and in 

[f ele f ^cardiograms of the existing bradycardia in M. rhesus 2 

bcioie and after vagus section, are represented. 

2. Physiological observations upon the auricular muscle. 

Careful study of the character of the P-deflectiou during the course 
of the disease disclosed an infrequency of changes which eoiild be 
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definitely recognized as abnormal. Nevertheless, in those infrequent 
instances when alterations in this wave were encountered, they were 
of the most profound kind. On two occasions in one animal (ill. 
rhesus 4) the P-wave was reduplicated in Lead III during the first 
and second days of the disease. In another monkey (M. rhesus 6), it 
was found to be doubled in the tracing of Lead II, on the morning of 
the second day of the malady. In neither animal did these variations 
in the P-wave persist during the later progress of the infection. The 
reduplication of the P-defieetion was in these instances inconstant 
from cycle to cycle, and frequently the second P-wave was observed 
to be negative in direction, thus imparting a diphasic character to the 
auricular tracing. Apart from these observations, purely negative 
P-waves occurred at one period of registration in the electrocardio- 



Fig. 6. — Electrocardiograms of yellow fever. Tracings from jl/. ALfreasoii 

morning of the third day of the disease. Note low voltage of “"“A nnip ll- 

amplitude of S-wave in all leads: splintering of Rs; and maikedlj in 
tude of T; and Ta. 


gram of Lead I, from another animal (M. rhesus 12) on the moinnio 
of the third day of the disease. This event is well shown in F h? s - 0 
and 8. In this instance the inverted wave was followed by a P * n 
terval 0.008 of a second shorter in duration than the norma 
that animal. This change was not found in the tracing from the same 
lead of the same animal on the following day. The monkey was on 
which showed the most marked bradycardia in the series as 
marked alterations in the T-defleetion. 

3. Physiological observations upon the auriculo-vcnlncular bundle c. ^ 
In these experiments the time required for the conduction of t m c -^ 
citation wave along the A-Y bundle has been an important consu e 
tion. Observations upon the P-R interval of the eleetiocau IOc * ^ 
showed that in sixteen of the nineteen animals infected v ith y p 
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fever virus, there occurred prolongation of the conduction time, usu- 
ally slight in degree. Moreover, with few . exceptions the delay in 
conduction was progressive, increasing from day to day of the disease. 
In one of the two animals which recovered, the conduction period had 



Mac acus rK e s u s 7 

Lead ITT ^ mplilc 

Figs. 7 and S.— In each figure, outline drawings °f a spline a fipve 

lead from one animal are reproduced. The senes taken at varjinS t i 

represents normal electrocardiograms and electrocard S jr preparation cons!- r() . 
terv.als during tlie course of the disease. The auctions of the various elect 

in the projection upon a screen of lantern slide repr y sarne magnification, 

cardiograms from a given animal. Emplojmg «. > slide, and its outline *■ 

representative cardiac cycle was selected in -each i I « cc t cc i that the points of ‘J. ’ j 
traced upon white paper. Succeeding cycles were s p coincide. From this * c 

either of the Q- or R-waves of serial cycles ''^re made to annota tion of tacj 

point in each series tlie outlines were alwajs trace . of 'illustration shows 

electrocardiogram is noted upon the figures. This (lay t o day of the ‘<lc- 

tho variations in the length of the entire cai U a £, Periods and especially well th 
variaUons in the duration of the P-R and R-T pe • , rpe 0 f tlie disease, 
formities of the R-T period and the T-wave during the cour.e 

lessened during convalescence but at the last peiiod of o • ^ 

had not vet regained its normal time interval. It s ion ( , , ^ aVS 
noted that in this instance the last record was taken on } 
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following the first appearance of fever. In the other recovered mon- 
key the conduction time had returned to normal by the last day of 
observation. In this case the final registration was secured twenty- 
five days after the animal had first shown fever. 

On one occasion the A-V conduction time was approximately dou- 
bled during the course of the disease. In three instances it was in- 
creased by approximately half its normal value. Just before death in 
one animal the P-R interval measured 0.32 of a second as contrasted 
with the normal period in the same animal of 0.08 of a second. Ex- 
cluding from the series this one extreme value, the average greatest 
increase in the conduction period equalled 0.014 of a second. The 



Fig:. 8. 

average normal value was 0 079 nf 

Period in each animal durin«- the / SeC ° U J wIliIe the average longest 

Jr**- The fact i* dgnifi 2nt h 7 * the <“*«« W 0.092 of , 

«'=.elect ro c„ r a i „ gram “ oc “» t '» in the P-R inten.1 „£ 

Peritoneal infection after ■, nppi , contro1 annual dyiiio- f rom 
course of yellow fever in thl ° C \ 6qUal itt dlll ' ati on to* the uvem 

£* ^ion regard v ^ t ?"** J 11 ^izes 

18 - — - 7 str 

eied ant! reduced eon- 
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duction in the aurieulo-ventrieular bundle branches has been suggested 
in the occasional observance of definite widening of the base of the 
R-wave and, in one instance, of distinct notching of the apex of this 
deflection in a tracing taken from Lead III on the morning of the third 
day of the disease. That in this instance the evidence of a broadened 
base of R with notching of its apex is significant, is further rendered 
likely by the occurrence of a concurrent reversal of preponderance. 
At the same time T became of greatly increased height in a positive 
direction in all leads, while S assumed a considerably increased am- 
plitude in Leads I and II, where it formed the most prominent 
“spikes” of the tracings. The several findings in the electrocardio- 
grams from this animal are in keeping with the occurrence of a partial 
branch-bundle block. 

Direct comparison of the conduction time with the heart rate shows 
in general a correspondence between the two phenomena. It has been 
observed that the cardiac rate of contraction decreases, while the 
conduction time increases during successive days of the disease. It 
must be noted, however, that the correspondence is an approximate 
and not an absolute one. 


4. Physiological observations upon the ventricular muscle. 

The study of the ventricular portion of the electrocardiogram di- 
vides itself naturally into the consideration of three groups, the QHS 
complex, the R-T period, and the T-wave itself. 

The QBS Period . — In a review of observed alterations in the QhS 
portions of the ventricular electrocardiogram, the consideration of the 
amplitude of the different waves, except in especial instances, will he 
purposely avoided, because it is not believed to be a significant point. 
In these experiments there were very evident variations in the ampli- 
tude of the deflections from one tracing to another of the same heart 
at different times, both in health and during the course of the disease. 
The voltage of a tracing, taken on the last day of the disease, might 
be either higher or lower than that of the normal electrocaidiogiam 
of the same animal. That changes of amplitude of qualitative sigm 
cance may occur, however, is supported by the appearance of ccitain 
alterations of unusual incidence associated with other and moie si,, 
nificant changes. An S-wave, previously absent or poorly defined m 
Lead III, has during the course of the disease been observed to become 
of considerable amplitude, and in association with a diminution in t w 
size of R-, to assume the place of the most prominent spilm in 
tracings. Similarly S, a badly demarcated wave in Leads II fine 
of the el e c tr o e a rd i o gr a m s taken before inoculation of the animal vi 
yellow fever virus, has been seen to become of marked amplitude ^ 
a diminution of the R-wave in the same leads on the later daws o 1 
disease (Fig. G). Not infrequently a Q-wave barely discemib e in 
Lead I of the normal tracing had attained so great an amplituc e, n 
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Inter stages of tlie disease, as to appear as the most prominent si 11 '-'- 
in^tlie electrocardiogram from the same lead. Chanjres m prepondci - 
anee from day to day of the disease have boon commonly noted. A 
splintering of the R-wave in Lead HI has been Jonnd associated mtli 
variation in the amplitude of the associated deflections of the ventnon- 
lav electrocardiogram (Fig. 6). 

The B-T Period,— A much more definite change obsev\ed m the un 
tricular electrocardiogram during experimental yellow fever resem- 
bles changes of similar form described by Pardee’" as evidence <v 
blocking of a branch of the coronary artery, and by Colin and fcwilt. 
as well as Rothschild, Sacks, and Libman, 5 ' as occurring m the acute 
phases of rheumatic fever. This change consists in deformity of the 
R-T or S-T period of the electrocardiogram. A significant deviation 
of this portion of the electrocardiogram is that which occurs n hen the 
downstroke of the E-wave fails to reach the base line, hut instead com- 
mences abruptly upon a curve, convex upwards, occupy ing the entile 


R-T period, and becoming finally incorporated in the upstroke of the 
T-wave, so that it appears that the latter is given off directly from the 
R-wave. In other instances and even in the same tracing, the descend- 
ing limb of the R-wave may extend below the line, of equipotential to 
form a rounded S-wave, when the R-T segment, instead of occupying 
an almost horizontal position, may slope upward or downward to form 
an acute angle with the horizontal base line, and to merge itself gradu- 
ally without appreciable distinction into the T deflection, thus im- 
parting to the latter a diphasic appearance. 'While these two types 
of deformity of the R-T segment of the electrocardiogram represent 
changes typical of the later stages of experimental yellow fever, no 
specificity is attached to them, nor is it implied that these changes are 
of most frequent occurrence. They represent rather the more definite 
types of alteration among a series of changes comparable to them, 
which differ from them only unimportantly in their contours, and 
which exist with them in the same electrocardiographic series and even 
in the same tracing. The serial electrocardiographic tracings (Figs. 7 
and 8) show clearly this pleomorphism in the contour of the R-T 
period in the electrocardiograms of yellow fever. 


Observations upon the length of the R-T interval showed that in 
eighteen of the nineteen animals studied electrocardiograpliically dur- 
ing the course of infection with experimental yellow fever, an increase 
was noted in the duration of this period. The prolongation of the 
1 'fyal'vas progressive in character and increased from day tc 
day of the disease. There was in general a parallelism in tlie progres. 
sivc increase m length of the R-T period with that of the R-R period 
tat the relation was by no means a constant one. While the ratio, 
between the du rations of the two periods showed in manv instanc s „ 
approximate correspondence, in others they presented wide Tver 
.cnee. In three experiments, lengthening of the period became sc 
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marked that T encroached on the following P-wave or else the latter 
became superimposed on the T deflection. The control animal suffer- 
ing from an infection of the peritoneum also presented a lengthening 
of the R-T period. The only animal in this series which did not show 
lengthening of the R-T interval recovered from the disease. The 
other recovered animal presented prolongation of this period during 
the course of the disease, with subsequent shortening during conva- 
lescence. In the light of our present knowledge of electrocardiogra- 
phy, it is impossible to determine the significance of the lengthened 
R-T period. The lengthening of the period is also shown in Pigs. 7 
and 8. 


The T-wave . — The results of the study of the T-wave of the electro- 
cardiogram in experimental yellow fever reveal certain observations 
which are significant because of their frequency and uniformity of 
occurrence. These changes warrant consideration. It has been noted 
that in fourteen of the nineteen animals infected with yellow fever 
virus, the chaz'acter of the T-wave became altered in the end stages of 
the disease, becoming - in one or more leads either diphasic, redupli- 
cated, negative, or accentuated in its inscription. These deformities 
of the T-wave were independent of alterations in the initial ventricu- 
lar deflections (QRS complexes). The normal upright terminal wave 
of the ventricular electrocardiogram was inconstantly replaced by a 
deflection either negative, in direction, or diphasic in contour, the lat- 
ter presenting either two waves above the line of equipotential or one 
positive and one negative wave in relation to the base line (Figs, o, 
7, 8). Exclusive of these types of deformity of the terminal deflec- 
tion, an upright T-wave of increased height associated with other 
electrocardiographic changes has been a common finding (Pig- 6)- 
An accentuated terminal deflection has, however, been observed upon 


two occasions in tracings from normal animals. 

Two of the five animals (ill. rhesus 8 and ill. cynomolgus 11) which 
failed to show alterations in the T deflection recovered from the dis- 
ease. The remaining three animals were not fairly representative of 
the course of the experiment, as each died prematurely of eailv oi 
only moderately advanced yellow fever lesions, hastened in their deat i 
in two instances (iff. rhesus 1 and 3) by the coma and subnormal tern 
perature induced by the administration of sodium iso-amyl-ethyl-bai 
biturate. and in a third (If. rhesus 15) by the loss of blood follow m,, 
a cardiac bleeding. Nevertheless, even with these animals included m 
the series, the incidence of aberrant T deflections is a notewortln one, 
occurring as it did in 74 per cent of the monkeys dying of ve ow 
fever. A study of the time relationship of these changes to the com sc 
of yellow fever reveals the fact that the abnormal variations appearec 
most frequently on the latter days of the disease. In nine of the t w 
teen animals in which they were observed, these alterations weie ,rs 
noted on the day of death. In five of these nine cases it had )cen 
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possible to obtain tracings on tlic monkeys on the day P 1C ' 10 “ 
death; the electrocardiograms taken on this day showed norma 11 de- 
flections. In two animals the abnormal waves were first msctibed 
the day preceding death and in one they were first noted two days 
previous to the animal’s death. In seven of the fourteen instances m 
which significant alterations in the T -waves existed, negative define- 
tions were observed in either Lead 1 or Lead II, or in both of these 
leads (Fig. 5). This fact is pointed ont not because it, is believed that 
the negative variations were the most significant of those noted, but 
rather because in a purely empirical way we know most about this 
type of change in the T-wave. Before leaving the consideration of 
the terminal portion of the ventricular electrocardiogram in yellow 
fever, it is important to note the ephemeral character of any given 
deformity either of the R-T period or of the T-wave. These disturb- 
ances are transient, fleeting in nature, present in one tracing and not 
in another, one type of variation being inscribed upon one occasion, 
and a different deformity appearing during subsequent inscriptions. 
The variations of the T deflections and of the R-T period during the 
course of the disease are well represented in the serial electrocardio- 
graphic tracings (Figs. 7 and 8). 

DISCUSSION 

A perusal of the literature upon bradycardias of sino-atrial origin 
engenders the belief that those types of sino-aurieular block which are 
invariably associated with irregular or inconstant forms of bradycar- 
dia, and which occur in relatively normal hearts, possess nothing in 
common with the retarded heart rate of yellow fever. That a rela- 
tionship may exist between some types of the so-called sino-auricular 
block and the bradycardia of yellow fever, is, however, rendered 
problematical in view of the observations of Mackenzie 15 and Riebold. 50 
The former author first described the condition as occurring in influ- 
enzal myocardial involvement, and suggested “that the heart symp- 
toms in this case, and it may be in the slow irregular hearts in diph- 
therial eases, are due, not to vagus stimulation hut to a poison actum 
hke digitalis, directly on the heart itself.” Riebold also expressed the 
belief of a relation of sino-aurieular block to infectious diseases. More 
recently Colin and Swift 11 have reported the occurrence of sino-atrial 
block in the course of rheumatic fever; and Smith 00 lias recorded its 
mcrience in dipMhevia. A type o£ sinus bradycardia closely resem- 

. 8 t!lat of experimental yellow fever, lias been reported bv Winter 
nits and Selye«. as a result of thrombosis of the arte to tlm 
atrial node. * c bmo 

In the consideration of the relation of jaundice to the slow cardiac 

T= 

festation of the icteric state that a second fact 
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sized, namely, that the association is by no means a universal one. 51 ’ ,;T ’ u 
Every experienced observer has seen numerous eases in which the 
most marked degrees of jaundice were accompanied by a rapid pulse. 
The facts that a retarded cardiac rate is a constant phenomenon in 
experimental yellow fever, and that jaundice is very inconstantly as- 
sociated with slow heart action, offer an inconsistency which mili- 
tates against the possibility of a causal relationship of the icterus to 
the bradycardia in this disease. The bradycardia associated with 
icterus is of an irregular type , 07 whereas that of yellow fever is a 
regular one. Moreover, in yellow fever bradycardia may occur in- 
dependently of jaundice, and in the presence of a normal bilirubin 
content of the serum . 4 

The hypothesis which Chagas has advanced that the bradycardia 
of yellow fever is a part of a “suprarenal syndrome” fails to attain 
credence in consideration of the fact that in the two cases in his 
series in which suprarenal lesions were found at autopsy the degen- 
eration was confined to the cortical zones . 01 

In the auricular electrocardiograms of yellow fever, the occur- 
rences of reduplicated and more especially of inverted P-waves, 
though infrequent, are of importance. A negative P-wave has been 
regarded by many workers 31 ’ 32> 52 ’ 47 ’ 25 ’ ° 5 ’ 6G ’ 7 ’ 23 ’ 13 as indicating a 


shifting of the pacemaker from its normal position in the upper ex- 
tremity 40 of the S-A node to a lower functional level in the sinus node, 
auricle or A-Y node. Negative P-waves can be produced experimen- 
tally in the tracings taken from animals during* vagus stimulation, in 
which instance they may be abolished by atropine . 2 ' 1 1,1 18 I Q 501)10 

cases, however, negative P-waves persist after atropinization, and do 
not change on compression of the vagus nerve in the neck.' Wiggeis 
believes that in these instances, the sino-atrial node should not be 


thought to be the seat of disease, unless the inverted waves are asso- 
ciated with a reduced or a reversed P-R interval, or are accompaniec 
by auricular extra systoles or periodically give rise to tachycardia. 

The lengthening of the P-R interval of the electrocardiogram, moc 
erate in degree, which has been observed with considerable constancy 
during the course of experimental yellow fever, is indicate e o an 
impairment of function in the aurieulo-ventricular bundle. 

In experimental yellow fever the changes in the ventriculai clectio 
cardiogram are of especial interest. Because of the consiccia 
amount of evidence which has been obtained in recent yeais ie sd ,n <? 
to alterations in the T-wave of the electrocardiogram, which ha*ve c01 ^ 
observed during the course of many disease conditions provocatneo 
damage to heart muscle, it is important that we should eonsidm 1 
changes in the terminal deflections which have been so frequent } 00 
countered during the course of experimental yellow fever. The o 50 
rations on the latter disease are of singular significance in that m >>■ 
instance the opportunity has been afforded of correlating these 111 
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tiona) aberrations with the findings of liistopathologv in the precise 

* bey ."' ere • &w hoL’ anr 

cedent to the fixation of the tissue. This privilege obtains only in a 
few diseases, and infill fewer may the study be conducted Zer the 
moie readily controlled methods of animal experimentation. Observe 
ons 1 elating to the lnstopathological changes in the myocardial tis 
sues in this series of animals will be published in anothe” 2 
General acceptance is accorded the view that the initial portion of 
ventricular electrocardiogram, the QRS complex represents a 

;Ze°“s diffcre T “ pot!U, ~ x, 

•entrieles - T„e n °! eXC “ a,i0n P ° Ssin = throat both 

entncies The period between E and T or between S and T 

exists for attach!, 1 

m the contour of the end deflection mi ' ot " deration 

deformity of the T-wave at 2 Z I of one type of 

and of another deformity in the 'i ieslstlatlon of » given lead, 
ing d urine- ,| „ “ e! ntf i 8 ‘ auot,le1 ' tim< ' »' ««ort- 

these aberra „ns afd *!. dl * Sa8e ’ Sa8seat » » oommon basis for 
nowskS has To' d ^ «« existing relationship between them. Ros- 

the course of mtoxicat^ the e ” d deflpction in 

arrest of the ventricles ThJ Z \ fever ’ result m diastolic 

centnated T-wave ivith a hth shT ,° bSe ™ ce of the ”«rl«dJ.v ac- 
later days of the disease mav^ ? 'ti Vertieal summit during the 

a deformity „ the |:LT ’d:fcr °f’ b0 , tCnt0tiv ^ a <**P»«l «* 

There is no evidence of dit T » 1 nndete ™ i “d significance. 
T-eurve which is diphaT in tSta. T’ , ”*“»“?■«» •* - 
tion. The incidence of abnormal deflexions in Tore onV'i iTT 

th , e “ 

the change, especially if flip ]pff 1311 3 so incidence of 

. » » t-^pcciain it the latter presented itself in T,p n d ttt i 

In the extent of existing knowledge it is only W n + U aIone ‘ 
these T deflections of nrnvpri i , J tlfiable to attribute to 
they he inverted diphasic I n 7 .*”* Cmt0m ’ Aether 

cral significance of an abMrmal'Xvtre’aT’Iif Xhe ‘'‘T,”"' ^ 

Phey are signs that the myocardium is not h P h - excitatl °n process. 

The consideration which the presented ) aV !? gr 110n nally. 

experiment, are recorded with eo.Xid ^ iT 
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oil the latter days of the disease, at a time at which subsequent, obser- 
vations have shown that advancing- myocardial degeneration is taking 
place in the ventricles. For these reasons the suggestion is advanced 
that alteration in the end deflection of the electrocardiogram may 
afford valuable information of functional injury to the ventricular 
muscle. This concept is further supported by the fact that alterations 
in the T deflection were absent in the two animals in the series studied 
which recovered from the disease, while they were present in all the 
monkeys which died, with uncomplicated lesions of yellow fever, at. 
the end of a complete course of the infection. The deformities of the 
T-wave were also not observed in the animal dying from peritonitis 
at the end of a comparable period. 

SUMMARY 

1. Bradycardia, regular in rhythm, absolute in degree, and progres- 
sively more marked on succeeding days of the disease, has been a con- 
stant finding in experimental yellow fever in the monkey; the phe- 
nomenon persisted independently of ether anesthesia, sodium iso- 
amyl-ethyl barbiturate anesthesia, and bilateral section of the vagus 
nerves. 

2. Reduplication of the P-wave of the electrocardiogram was occa- 
sionally observed in experimental yellow fever; more rarely this de- 
flection was seen to be inverted. 

3. Prolongation of the conduction time of the auriculo-ventriculai 
bundle was observed in slight or moderate degree in 84 per cent, of 
cases. 

4. Among- electrocardiographic alterations referable to the ventiicu- 
lar muscle during the course of the disease, changes in ventriculai 
preponderance were commonly observed. The R-T period was length- 
ened in 94 per cent of cases ; and frequently it was deformed. The 
normal upright T-wave was replaced in 74 per cent of cases by a de- 
flection either negative in direction, diphasic in contour, or increase! 
in height. 

The author wishes to express his appreciation of much valuable advice 
him by Professor Oskar Klotz during the course of the stud}-. He is also ini o ) p 
to Dr. A. E. Colin and to Dr. J. Hepburn for many helpful suggestions. 
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THE MYOCARDIUM IN YELLOW FEVER 
II. The Myocardial Lesions in Experimental Yellow Fever* 

Wray Lloyd 
Toronto, Ont. 


introduction 


TN A PRECEDING paper in this Journal the myocardial function 
-A- registered by electrocardiography in rhesus monkeys during the 
course of experimental yellow fever, has been described. In this com- 
munication it is desired to present the evidence of histopathological 
alterations in the myocardial tissues of the group of animals upon 
which electrocardiographic tracings were obtained, supplemented by 
the results of the study of tissues from other animals in which the heart- 
beat had not been reeoi’ded during the course of the disease. Finally, 
it is hoped in some degree to coi*relate the graphic records of the dis- 
turbances of the heart action with the findings on microscopic examina- 
tion of the tissues in which the disturbances arose. 

The examination of numerous reports and descriptions of the gross 
and microscopic pathological conditions of the heart muscle in yellow 
fever reveals a remarkable discrepancy of observation and opinion. 
The conflicting evidence can be explained in part by the fact that all 
observers were not studying .yellow fever. In addition to this con- 
sideration, the intensity of the lesions has undoubtedly varied in dif- 
ferent epidemics and in individual cases. 

Sodre and Couto, 17 in 1901, observed the occurrence of hemorrhagic 
foci in the heart muscle, pericardium, and endocardium, noting as 
well the flabby condition of the myocardium in yellow fevei. The 
aortitis and endocarditis which these authors described must be re- 
garded as evidence of either antecedent or secondary infection. Micio 
seopically, they found a patchy, fatty degeneration of the muscle fibeis, 
occasional loss of cross striation in the sarcoplasm, and irregularity o 
size, form, and staining reactions of the nuclei. 

In 1905 Otto and Neumann, 14 and later Otto, 13 described the i eal 
muscle in yellow fever as showing all stages macroscopicall) ,or ” 
cloudy swelling to fatty degeneration. Microscopically, they obsencc 
a well-marked though delicate, irregularly distributed, fatty degenei^ 
tion of the fibers; but these changes were less marked than those n no 
they expected to observe from the consideration of the macroscopic <'P 
pearanees of the muscle. 

The following year Marchoux and Simond 12 in their study of t K> 


•These studies have been performed under the tenure of a- S r!in J A 1 ?, m .,,p. nvnil- 
Research Foundation. All the specimens used in the study were Kinm. 
able by the International Health Division of the Rockefeller Foundation. ^. or „nto. 
From the Department of Patholojry and Ttacteriolopy of the UnlversitJ ° 
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op noted only a slhditlv marked fatly degeneration of heart muscle, 
"hough it Hhm. l-« ™ ,hrir “ 



generations. The nuclei ol ihc muscle fiber* wove always well slainod 
but often of conspicuously large dimensions. The muscle fihrillao anil 
cross striations were constantly clearly discernible. 

During this period Scidclin, 1 ® writing of the pathology of yellow lever, 
reported the condition of the heart muscle in the disease as macro- 
scopically pale or irregularly streaked or spotted in color, and di- 
minished or friable in consistency. Histologically a fatty metamorphosis 
of the fibers could be observed. 

Elliott, 0 in 1920, noted loss of nuclei and cross striations in the most 
severely damaged muscle fibers. Six years later Aitken and bis co- 
workers 1 recorded the occurrence of vacuolization in the myocardial 
fibers. 

In 1927 Klotz 10 described the changes in the heart muscle in yellow 
fever as degenerative ones unaccompanied by inflammation and af- 
fecting the myocardium in all its parts, including the auricula-ventric- 
ular conducting system. Dilatation of the left ventricle was not un- 
commonly observed, and the muscular walls were soft and flabby as a 
result of granular and fatty degenerative changes in their substance. 

A year later Cannell 5 recorded accurately in Homo so pints and 
Macacus rhesus the patchy and irregular distributions of the fatty and 
granular degenerations, noting that in each fiber the former change 
was most marked about the nucleus. The pathological findings were 
essentially similar in the two species. Degenerative changes were pres- 
ent in both the ordinary myocardial muscle and the auviculo-ventricular 
bundle. 

Contemporary with Canned ’s observations, Hudson” reported the oc- 
currence of an irregularly distributed fatty degeneration of the cardiac 
fibers m monkeys experimentally infected with yellow fever, but found 
little change of cellular .structure in the study of ordinary paraffin 
sections. The occurrence of congestion and less often of hemorrhage 
m the myocardial capillary bed was noted by the latter author 
In 1929 Fialho, 1 describing the pathological findings in the recent 

£™ c of yfri fcvcr in Bra/ - i1 ’ nolctl awl endocardial 

ihagcs, dilatation of the right ventricular eavitv, and fatty do 
generation of the muscle. He believed the fatty change to have h e t 
more marked on the right side of the heart. 
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Tff " t,,M t0r study 

n. oeimlial tissues of u.uoteu animals studied olcctrocardiogra,, Ideally 
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during infection with yellow fever virus, and of blocks of heart muscle from four- 
teen other monkeys, in which the myocardial function had not been examined during 
the course of the disease. A study of sections of liver, kidney, and spleen in these 
animals verified the existence of yellow fever. As a control to the investigation of 
the cardiac liistopathology, comparable tissues were examined from four animals 
studied eleetrocardiograpliically as controls in vagotomy experiments, as well as 
blocks from various regions of heart muscle from five other healthy rhesus monkeys. 
As an adjunct to this study and for purposes of comparison, the myocardial tissues 
were examined from cases of acute yellow atrophy of the liver, eclampsia, and 
diphtheria in man. 

Selection of Blocks .— All the blocks of heart muscle taken from the animals 
examined eleetrocardiograpliically were fixed in Zenker’s fluid. Of the remaining 
yellow fever and control animals, some tissues were fixed in Zenker’s fluid while 
others, in order to . offer a greater breadth of study, were fixed in a 10 per cent 
formalin solution. Blocks of tissue were excised from these hearts in four repre- 
sentative regions, the sulcus terminalis region of the superior caval-auncitlnr junc- 
tion, the upper ventricular and lower auricular septal region, including the mem 
branous portion and septal curtains of the tricuspid and aortic valves, and 
longitudinal areas of the musculature of the right and left ventricles. In specie 
instances, in both diseased and healthy hearts, large blocks of the septum were 
cut out to include the coronary sinus region posteriorly and the anterior horde 
of the membranous septum anteriorly. Serial sections taken through suc i ° 
offered an opportunity for. study of the auriculo-ventricular node and the 
commune of the auriculo-ventricular bundle at laiious le\els of its e 

From blocks of tissue including, the superior caval-auricular junction s ■ 

tions were cut from above downward in a plane at light es 0 ^, 0 

the superior vena cava through the region of junction o m ie 

musculature of the right auricular appendix. The sino-atrial node . • ^ 

demonstrable in these sections situated deeply to the sulcus einn ’. ground 
defined, crescent-shaped group of fibers situated subendocar la ), c Serial 

the cava! mouth for a distance of 2.5 mm. on its right anterolateral 
sections, taken through the greater part of the depth of tie nocc, series, 

from twenty-seven monkey hearts. In this group there were 
eighteen series of paraffin sections from yellow fever hear s s * ardio g ra pi,- 
rate of beating during life, one series from an animal studied pre . 

ically during infection of the peritoneum, one series from an a f rom 

maturely due to operative cardiac bleeding, and three scries of tmm 
yellow fever animals not studied electroeardiographical } . twenty -iiii> c 

The auricular muscle was examined in microscopic prepara o a flj„ sections 

monkey hearts. In this group there were twenty -sci on vc llow fever nn- 

and two series of frozen sections. Six control and .twen . - 

imals are represented in the group. . m etliod 

The condition of the auriculo-ventricular bundle was mves iga of (lis . 

of serial section in five yellow fever and three contro an ™‘ QU , t | w co urse of 
eased and control tissues were compared from lei e o ei e . ; nVCS figa- 

the bundle. This method of study is of considerable lmpor . of t . hanging 

tion of the liistopathology of the auriculo-ventricular mu » ^ crU8 commune 

cytological characters in the component cells, as the fibers flf ,i,e bundle 

course from the region of the auriculo-ventriculai not c o i 0P i ca i findings 
stem. Vacuolization and a loosely granular cortex are ns o ^ occurrence » n 

ought to iie regarded as normal in the latter region, w ierc. ^.. {U {]|C5C con- 
the former should excite the suspicion of degenerative cliang . pr0 *inmt<’!' 

siderations in mind, sections of control and diseased tissue from 11 
the same levels have been compared in this study. 
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Blocks £« **«» «re ““ thirty--* •'*» 

Methods of Staining.— Paraffin set ions stained by various methods, 

auriculo-ventricular bundle, and ventneu ar n mo thylenc blue technics 

for fifteen hours in Sudan III. 



Fig.l. — Sino-atrial nodal musculature in yellow fever. The darker areas along: the 
course of the fibers represent areas of hyaline change. In intervening areas the pvo- 
toplasm appears rarefied. In several fibers karyolysis lias resulted in loss of nuclei. 
(Hematoxylin and eosin.) 


RESULTS 

1. Histological observations on the sino-atrial node. 

The microscopic preparations of the sino-atrial node front animals 
dying of yellow fever presented histopathoiogical changes both in the 
sino-atrial muscle and in the ganglion cells in proximate or immediate 
relation with the muscle fibers. In paraffin sections two different types 
of alteration were noted in these fibers. A patchy, hyaline-like change 
of the specialized muscle fibers, irregular in distribution and present 
as a splash-like accentuation of the acidophilic dye in any 'field, was 
the characteristic of the first type of lesion (Figs. 1 and 2). Areas 
of cytoplasm in these cell groups were deeply acidophilic staining, hut 
coarsely granular in consistency and less retractile than in true hyaline 
change. The hyaline-like appearance was not uniform over any one 
patch varying m its intensity of staining from one cell to another and 
oven from one part of a fiber to another part. Karyolysis in these cells 
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was not infrequently observed, and pyknosis was of relatively common 
occurrence. Irregularly shaped nuclei and occasionally empty ones 
indicated early stages of karyolysis. The other type of change en- 
countered in the nodal muscle fibers was characterized by karyolysis of 
nuclei, vacuolization of cytoplasm, and loss of cell boundaries (Pig. 2). 
It was even more irregular in its distribution than the first type of 
structural alteration. Scattered areas showed almost complete myolysis 
of cells, while intervening areas were left relatively intact. Vacuoliza- 
tion was represented in some cells by numerous, nonstaining areas 3 to 
4 in diameter. In other fibers the faded nucleus might he observed 
suspended freely in a completely vacuolated cell, in which only a thin 
strip of cortex remained; acidophilic degeneration of the karyoplasm 




J vr-r JV 







Fig. 2. — Sina-atrial nodal musculature in yellow fever. the course of 

mal (ill. rhesus 12) was reduced to a third of its normal value u & of } iy alim* 
yellow fever. The darker areas along the course of the Ap er ® , ‘ methylene 

change. Vacuolization of fibers is also well shown. (PhloxJn an 
blue. ) 


was a common nuclear change, and many nuclei were large, svo cn > 
hydropic in appearance. In what would seem to be the eai mi s 
of this process, the cytoplasm of the nodal cells appeared svo en, ^ 
composed of fine granules, which were palely staining and gion } • ^ 

persed. A fraying or fibrillation of the sarcostyles was a common ^ 
ing. Cross striations in these fibers were usually losfi but m a 
instances they •were accentuated. In the later stages of t n . S ..? '* v j 0 . 
occasional cells appeared only in skeleton outline, with aeic op n 
plasmie granules remaining interspersed between frayed up 0 1 ^ 

Cellular infiltrations were very rarely noted, and then on } ns 
perivascular collections of lymphocytes. In some of the hearts ex a 
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in this study actual necrosis of ganglion cells was observed. Many fields 
could be found in which two or more of these cells had been com- 
pletely destroyed, with only the space previously occupied by the gan- 
glion cell, or a cobweb-like network of palely staining cytoplasm, re- 
maining. In the intermediate period leading to this complete lysis 
of nerve cells, the appearances of different cells suggested that both 
nucleus and cytoplasm had passed through successive stages. In the 
beginning the nucleus seemed to swell, at first somewhat disproportion- 
ately, its nuclear membrane becoming paler and less distinctly demar- 
cated. At this stage the nucleolus could be observed as a palelv staining 
oval disc colored a robin’s egg blue by basophilic dyes and occupying 


~**v • *> f > 

aV'- 

A . wV,V. l/VM*;. > ■ 
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comparatively unoccupied. In the end, the nucleus frequently existed 
only as an oval vacuole containing loosely granular debris. Sometimes 
it appeared as a large oval disc, no longer possessing the sharply out- 
lined border of the nuclear membrane but made up of dense, closely 
packed, coarsely granular, deeply staining, acidophilic, karyolytic debris. 
Concomitant changes in the cytoplasm were manifested by its substance 
becoming more coarsely granular. In some areas it acquired a purplish 
flush, losing its homogeneous mauve in pliloxin and methylene blue 
preparations. Later there appeared areas of nonstaining or very palely 
staining protoplasm etching away its substance until the cytoplasm re- 
mained only as a vastly vacuolated cobweb-like structure. These changes 
which have been described in nodal muscle fiber and ganglion cell are 
the positive findings, the end picture of a varying degree of change 
which in different hearts progresses from a state which appears to devi- 
ate little from the normal. The nodal muscle fibers stained with Sudan 
III showed an irregular and patchy fatty degeneration (Pig. 3). While 
some fibers were very nearly free of fat, most cells contained a varying 
quantity. Many fibers presented large amounts of neutral fat in which 
the component droplets were for the most part of relatively large size; 
the size of these droplets ranged from 0.4 to 4 n in diameter. Dif- 
fering considerably in their size, the droplets varied much more in their 
distribution. They were usually largest and most numerous about the 
nucleus. The globules of fat tended to be arranged in parallel columns. 
Larger droplets appeared to have been formed by the coalescence of 
smaller ones. Some groups composed of twenty or thirty fibers avcic 
involved together in extreme fatty change in which 50 per cent or more 
of the total cell volume appeared to be occupied by neutral fat. The 
amount of fat was greatly in excess of the occasional dispersed fine 
granules which can sometimes be demonstrated normally in these fibeis 
by the same technic. The ganglion cells showed occasional fat dioplcts 
in their cytoplasm. 

The degenerative changes present in the nodal muscle fibeis in the 
hearts of animals dead of yellow fever were at all times so maike t la 
observers skilled in histopathology, examining unidentified micioscopic 
preparation, were able to distinguish sections prepared from amma 
that had died from yellow fever from those obtained from conti o m 
imals. Examined in this unprejudiced way, the sections which piesen e^ 
the most advanced lesions were found to have been taken fiom 10,1 ^ 
which showed the most marked degrees of bradycardia during t 10 
of the disease. In the nodal tissue from a monkey dying of a pci 1 0,11 
infection there Avas a notable absence of degenerative changes. 

2. Histological observations on the auricular muscle. 

The alterations noted in t he auricular muscle fibers Avcre in 110 ^^ 
different in character or degree from those observed in the.specm 
musculature of the node. When cut in cross-section the auiicu «u 
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cle fibers showed frequent perinuclear vaeuolation and not uncommonly, 
loss of nuclei. Viewed in this way the cytoplasm of the cells presented 
a curious coarsely granular appearance because the cortices were com- 
posed of relatively large, deeply staining, loosely dispersed sarcoplasmic 
elements. In longitudinal section not only was perinuclear vaeuolation 
well demonstrated, but vacuoles were frequently evident in other portions 
of the cell. Ihe fiber itself usually exhibited a swollen hydropic ap- 
pearance, and its outline was frequently less well demarcated than in 
normal tissues. Cross stnations were rarely accentuated; more com- 
monly they had become indistinct, or quite lost. Fibrillation, unequal 
fraying-, and disruption of the myofibrillae were commonly noted. When 
these processes reached extreme degrees in isolated cell groups, they 



ot 

and vacuolar types of degeneration a natX '< “ addltion ,0 
ami™ ar ffljers '™s frequently observed' ?’ a meJlkc cha »go of the 

alteration affected whole cells but in it ' 1 man ' v “'stances this 

o»t « a transverse acidophilic '”ba,“, 1-”? ‘T* 1 lo ™ * W* 
muscle fibers. Such an appearance * ° f tle lon S'itudinally coursino- 
alternate pateh-Iihe aeceZC T "T?* *° these «*■ by an 
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pearance to nuclei disrupted and remaining only as acidophilic granular 
debris. In sections stained with hematoxylin and Sudan III, fat was 
observed to be present in relatively large quantities in the auricular 
muscle. The fatty degeneration, in common with the other types of 
cell injury, was irregular in its distribution from fiber to fiber and un- 
equal in its quantity within each cell. Granular, vacuolar, and fatty 
degeneration with the rarer myolysis of cells are descriptive terms which 
represent the kind of picture which the lesion presented in different 
instances, and with the employment of various staining methods (Fig. 4). 

3. Histological observations on the auricula-ventricular bundle. 

Sections of the crus commune of the auriculoventricular bundle 
stained with hematoxylin and eosin showed a patchy, hyaline-like change 



B methylene blue.) 


of many fibers. The cytoplasm of others was more coaisely gi anu < 
than in normal control sections. Pyknosis was a common e^cnt, < ^ 
karyolysis of nuclei was not infrequently encountered. Moie ^ 
changes were occasionally met with in the bundle tissue. O nc ° 1C ^ ^ 
rliage among the component cells was observed. h ei1 ^ 1C Je j* _ 
the crus commune were studied in sections stained with non icma ' ^ 
lin and eosin, pliloxin and azure B methylene blue, and icmsa s ^ / 
the histopathological alterations became much more appaicnt 
sections stained with hematoxylin and eosin. Myoljsis o 
groups gave an appearance of etching away of portions o ie 5 _ 

stem (Fig. 5). The nuclei of these degenerating cells fiequcn 5 ^ 
sented a swollen and hydropic structure, associated with Bagmen 
of the chromatin network. The staining qualities of the 'ar>o 
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became altered and more acidophilic in character with the progress of 
nuclear injury. Clumps of chromatin were conspicuous in these nuclei 
because of their size, bizarre form, and brilliantly acidophilic coloration. 
Frozen sections of the auriculo-ventricular bundle stained with Sudan 
III, demonstrated the presence of neutral fat in pathological amounts 
and distribution. The size of the droplets varied, but they were for 
the most part minute though numerous. The quantity of fatty change 
differed from area to area; in each cell the fat globules were usually 
most numerous about the nuclei. Sections of the auriculo-ventricular 
bundle prepared from healthy rhesus monkeys and treated by the same 
method of Sudan III staining, showed an absence of demonstrable fat 
m the specialized musculature. That special staining methods will 
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ternating with more faintly staining areas, was frequently encountered. 
In many places cell outlines were lost, and nuclear degeneration forms 
were encountered in every field. Many nuclei were of irregular con- 
tour and pyknotic appearance. Not a few were seen to be swollen, 
surrounded by a thinned and stretched nuclear membrane, filled by a 
watery karyoplasm. A peculiar and rather definite type of karyolysis, 
more marked and elaborate in degree than anything of the sort ob- 
served in acute yellow atrophy or eclampsia, is worthy of mention. 
The train of events suggested by the process of nuclear destruction 
is that of a nucleus, at first swollen, of uniform or irregular contour, the 
chromatin network of which becomes first fragmented, then dispersed, 
and lastly clumped, at first basophilic, later amphichromatic, finally 
acidophilic and pale, the etching of its former self, transmogrified in 
rose-colored relief, in the perinuclear lacuna of a degenerated cell. Spe- 
cial fat staining of the ventricular muscle fibers demonstrated the oc- 
currence of numerous globules, variable in number, patchy in distribu- 
tion, linear in arrangement, and perinuclear in concentration, as had 
been observed in other parts of the myocardium. 


DISCUSSION 


On the basis of much physiological and anatomical knowledge there, 
has developed a concept, fundamental to modern cardiology, that a 
bradycardia affecting the whole heart finds its origin in change of 
vagus nerve or sino-atrial node. In the experiments here recorded it 
l has been shown that reduction of function in the vagal fibers to the 

I heart by the administration of ether 8 or by anesthesia with sodium 

iso-amyl~ethyl barbiturate , 11 or the abrogation of this function by n- 
lateral section of the vagus nerves has no significant effect upon t m 
slow heart action in experimental yellow fever. 

The study’ of serial sections of the sino-atrial node in animals ""hick 
presented a slow heart rate during the course of their infection vu i 
yellow fever lias afforded us evidence of a positive nature, n 11 
structure degeneration of the specialized nodal muscle fibcis has icon 
observed varying in degree and most marked in the cases presen 
the slowest heart rates during life. Coexistent degenerative cian„cs 
the ganglion cells in contiguous or proximate relationship to t ns 5 ^ 

culature, which might conceivably affect postganglionic raga > 
have also been noted. Although the proof cannot be «ibs° u , e . n 
state of our present knowledge of the relation of myocai ui n ^ lU ‘ j )c 
the evolution and determination of heart rate, it seems pio m > c '« ^ 

lesion of the sino-atrial tissues is responsible for, or close y h 


the production of the bradycardia of yellow fever. _ 

Apart from the sino-atrial musculature, alterations m the auucimm 
muscle proper have been noted by both physiological and ^ 

methods during the course of experimental yellow fever. 1 ! 
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been 

manifest in the corresponding tissues. Occasionally small henmrtn^ 
have been encountered in the auricular wall. Tn men o ms 
rent alterations in form and function it seems reasonable to consider 
as a part of the myocardial degenerations of yellow fever an auricular 
degeneration which is associated with functional injury to atrial muscle, 
occasionally manifested by evident changes in the auricular electro- 
cardiogram. 

In the isolated aurieulo-ventricular bundle we arc afforded the op- 
portunity of studying a portion of the myocardium which graphic, 
and histological methods enable us to delineate with a degree of accuracy 
unusual in biological investigation. Many observations during the past 
thirty years have definitely established the aurieulo-ventricular bundle 
in the mammalian heart as the muscular link responsible for the con- 
duction of the wave of excitation from auricle to ventricle. The 
lengthening of the P-11 interval, moderate in degree, which has been 
observed noth considerable constancy in 1 he electrocardiographic records 
of experimental yellow fever in the monkey, may be considered as a 
sign of impairment of function in the aurieulo-ventricular bundle. The 
hislopathologieal examination of the junctional tissues presenting such 
evidence of functional impairment has demonstrated the presence of 
clearly demarcated degenerative changes. The pathological basis of im- 
paired conduction has been found in a degeneration of Die muscular 
fibers of the aurieulo-ventricular bundle, which thus altered by the 
disease may present the appearances of granular, fatty, hyaline, vacuolar, 
or myolytic change. 

The occurrence of degenerative lesions in the ventricular musculature 
in experimental yellow fever becomes an important consideration in 
view of the fact that functional disturbances in this tissue during the 
course of the disease were provocative of deformity of the E-T segment, 
and inversion and deformity of the T-wavc. This evidence, taken in 
conjunction with our knowledge of the existence of similar disturbances 
m rheumatic fever, diphtheria, influenza, infarction of the ventricle 
and alkaloidal and other poisoning of the myocardium suggests the 
importance of these deformities of the ventricular electrocardiogram as 
evidence of injury to ventricular muscle. The injury may be tiimsieni 
the effect fleeting, and the damage temporary. ’ 

SUMMARY 

Thehistopathologieal examination of the myocardial tissues of animals 
dead of experimental yellow fever h„ s demonstrated the existence of 
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well-marked degenerative changes, presenting protean characters, in 
the musculature of sino-atrial node, auricle, aurieulo-ventricular bundle, 
and ventricle. The impression has not been obtained that the degree 
of degeneration is greater in one part of the myocardium than in an- 
other paid; nevertheless, the advantages of considering each part 
separately from the pathological standpoint are as obvious as those of 
considering the various portions individually as anatomical and physio- 
logical entities. Fatty degeneration of the muscular fibers of the heart, 
varying in degree and patchy and irregular in distribution, has been a 
constant finding in experimental yellow fever. Granular degeneration 
of the myocardium has been of equally common occurrence. In other 
instances, but in most cases in lesser degrees, hyaline and vacuolar types 
of muscle degeneration have been encountered. A characteristic hut not 
a constant finding, recalling a similar one observed in diphtheritic hearts, 
has been a patchy myolysis of isolated muscle-fiber groups. Occasional 
small petechial hemorrhages have been observed scattered through the 
myocardium. Only rarely have cellular infiltrations been met with as 
small numbers of lymphocytes and endothelial leucocytes clustered 
about the smaller blood vessels. In the rarer instances, when these in- 
flammatory cells have been observed, it is thought that the degenerating 
tissue has afforded the chemotaetie stimulus for their response. The 
lesions of the myocardium, like those in the parenchymal tissues of othci 
organs, are primarily degenerative in character. The degen eratn c 
lesions of the myocardium in yellow fever represent a well-marked stuic- 
tural basis for the occurrence of functional disturbances in its various 
parts. 

The author wishes to express- his thanks to Dr. D. A. Irwin, who took the micro 
photographs here presented, and to Dr. AV. A. Savryev and Dr. S. D. Kitchen w 10 
kindly secured many specimens for him. The aid, advice, and generous concession 
of time and knowledge afforded the writer by Professor Oskar Klotz hare ecu 
of the greatest assistance in the performance of the work. 
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CHANGE IN THE SIZE OP THE HEART IN SEVERE ANEMIA 


wt imi TJvmm'r nr 


David Baku M.D. 
New York, N. Y. 


ENLARGEMENT of the heart and the presence of syst olic nnirimii s. 
L in eases of severe anemia, have been recognized and well known 
for many years. Most of the observations are based upon clinical and 
post-mortem findings in cases of pernicious anemia. . 

The character of the murmurs may differ in no way from those lieai d 
in mitral disease of rheumatic or atherosclerotic origin. r lhe severe 
anemias of rheumatic infection are well recognized. The problem then 
confronts the clinician as to whether or not the cardiac condition is 


dependent upon the anemia or is dependent upon true structural 
changes. If a surgical procedure is contemplated, the problem be- 
comes acute. The following case shows how great this difficulty may 
be and illustrates how an enlarged heart, with apical and basal mur- 


murs simulating organic valvular disease, may return to normal with 


relief of the anemia. 

After an extensive search of the literature, I have been unable to 
find a case, proved roentgenologically, of definite enlargement of the 
heart in severe secondary anemia with a subsequent decrease in size 
associated with a return of the blood picture to normal. This report 
is based upon such a case. 


CASE REPORT 

E. K., a woman, aged 35 years, sought medical aid on February 25, 1930, com- 
plaining chiefly of profound weakness and dyspnea on slight exertion. She had 
been married for twelve years and had three children, the youngest of whom was 
four years old. Her past history was entirely negative. There was no history of 
lheumatic fe\er, chorea, tonsillitis, or joint, pains. She was perfectly \Vell until 
six months before when she began to bleed profusely with her menstrual periods. 
Menses remained regular and the severe menorrhagia continued each mouth. She 
gradually lost strength and about fifteen pounds in weight, and for two to three 
ueeks noticed increasing dyspnea on exertion. One week before she had felt a 
“lump” in her lower abdomen. 

Physical examination revealed a fairly well-nourished adult female with marked 
pallor of tlie conjunctivae, lips, and skin. She did not appear acutely ill The 

enlarge<i t0 b0t1 ' thC right and tl,e lcft 0,1 percussion. A loud, blowing, 
systole murmur was present all over the prccordium, but was heard best in the 
t bird and fourth interspaces about an inch to the left of the sternum. No diastolic 

rrL“" bL?" 4 - ti,c scc “ a i> " i " imic —« - »- io » 
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Teleroentgenogram (Fig. 1 A) showed a generalized enlargement of the heart to 
the left and right and a moderate straightening of the left border with slight 
bulging in the region of the pulmonary conus, the picture of an advanced mitral 
lesion. The total transverse diameter of the heart (13.3 cm.) was greater than 
half of the transverse diameter of the thorax (26.0 cm.). 

Electrocardiogram (Fig. 2A) showed a normal sinus rhythm with a left ven- 
tricular preponderance. On February 28, 1930, the hemoglobin was 35 per cent and 
the red blood cell count 2,500,000 per cubic millimeter. The white blood cells 
numbered 9000 per .cubic millimeter with 68 per cent polymorphonuclears and 32 
per cent lymphocytes. The patient was hospitalized and carefully observed. She 



Fig. l-A. — Note enlargement of the heart to right anti left with 1. 1 

contour.” Total transverse diameter of heart ld.e 1 o! 

Fig. 1-B. — Decrease in size of right and left heart. ^Total ians\t 

heart 11.6 cm. Decrease of l.i cm. nsverse diameter 

Fig. l-C. — Same size and shape of Heart as in Fig. i-B. Tota a 

of heart 11.6 cm. , 1 1 G cm. 

Fig. 1-D . — Same as Fig. l-C. Tota] transverse diameter of tea 


M '1 6 1930. The 

was menstruating profusely' at the time and continued so unti > nn ' var ; c .(I he- 
temperature remained normal. The hemoglobin was estimated ( * u J a , jj wf] u 
tween 35 per cent and 41 per cent. The cardiac picture remained ^ 0 j )n i,iy 

decided tlmt the severe secondary anemia due to bleeding fihrou s ^ ^ remove 

the cause of the cardiac findings, and that hysterectomy had to ie ( '^ ^ 
tho cause and to stop the progression of the severe anemia in an a 



BAI.Iit 
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vent further cardiac damage. On March S, 1930, the patient was given a direct 
transfusion of 500 c.c. of blood, and this was followed by a slight rise in 
temperature. Hemoglobin the next day had risen to 02 per cent, and by March 10, 
1930, had reached 72 per cent, and the red blood cells numbered 3,900,000 per 
cubic millimeter. The next day the patient was operated upon by Dr. Robert. T. 
Frank. A large fibromvoma of the uterus was found. A supravaginal hysterectomy, 
bilateral salpingo-oophorectomv and appendectomy were done. The patient had an 
uneventful postoperative course. The hemoglobin ranged between 70 and 74 per 
cent. The patient left the hospital on April 3, 1930. The heart appeared 
definitely smaller on percussion, and the loud systolic murmur previously heard was 
barely audible. 





Telei oentgeuograiii (Fig. IB) taken on Mav ‘>7 loan „ 
first one, showed a marked decrease in the rizc ’ ^ “ ,0nths after Hie 

evidence of “ mitralisation ’ > 0 f the loft J, i J ,C I,cart witU only slight 
" »■ '»« "•»* 1.7 centimeters ,c , J^° r V Tl “ l °‘”' transverse iiameter 
“ of the heart. 0 „ f T I’” " V0 ' ri,,e *»«< right am, 

normal and a faint, soft systolic murmoi n flic hcan s °nnds were all 

*'* zzrt -jr? *• f,i ° °» m 

A third teleroentgenogram (Fie- f i ' P tient " a s symptom free 

"*• p-Ss; 2. i = 7 - ’*“• - «*«*• 

« » P- cent. Heart soar* T„ 

j and no murmurs could 
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be heard even after exercise. The heart at this time , both clinically and radiograph- 
ically did not reveal any evidence of organic or functional disease. 

A fourth teleroentgenogram (Pig. ID) taken on December 16, 1930, was the 
same as the previous one. 

An electrocardiogram taken at this time (Fig. 2 B) was practically the same as 
the original one except that the left ventricular preponderance was slightly less 
marked. 

The patient was first seen in consultation. Because of the marked 
subjective complaints and the cardiac findings, it was felt that the 
patient probably had an organic valvular defect and that the symp- 
toms were aggravated by the severe anemia. The subsequent course 
of the case proves rather conclusively that the change in circulatory 
dynamics was due to the anemia and not to structural changes in the 
heart. 

The earliest observations on the behavior of the heart in anemia 
deal with cases of “chlorotic” individuals. Irvine 1 in 1877, Barrs 2 in 
1891, and Hersman 3 in 1893 described murmurs that disappeared with a 
cure of the anemia. Gautier 4 in 1899 found cardiac enlargement by per- 
cussion in twenty out of twenty-two cases of chlorosis. Kraus J in a 
review of forty-seven eases of pernicious anemia found cardiac dilata- 
tion in thirty on percussion. Goldstein and Boas 6 found that cardiac 
dilatation as well as hypertrophy occurred not only in pernicious 
anemia, but also in severe secondary anemia. Lewis and Drury state 
that the heart can dilate because of an insufficient blood supply to it. 
Lfidke and Schuller 5 produced enlargement of the heart in dogs, 
experimentally by rendering the animals anemic. Fahr and Rlion- 
zone 9 describe the circulatory dynamics in severe anemia showing hon 
the increased work of the heart produces ventricular hypertrophy 

The above observations and the clinical course seem to support the 
belief that the case herein reported was probably almost entiieh i» 
tlie nature of dilatation. The total transverse diameter of the head 
decreased almost 2 cm. in three months. Clinically this change vas 
observed within one month, obviously too short an interval for hj pci 
trophy to disappear. 


SUMMARY 

A case of severe anemia due to bleeding fibroids is presented, S1 ° 
ing that the dilated heart of anemia may become smaller in 
normal in shape, as proved by teleroentgenograms, verj soon a 
the cause of the anemia is checked and the blood pictuie letiun ^ 
normal. Cardiac enlargement is a frequent finding in patients su^ ^ 
ing with severe anemias. Roentgenologically, the enlaigec ie{ ^ 
anemia often cannot he differentiated from the pictuie o ° lc ^ aV 
valvular disease. The enlarged heart found in severe anenuas^^ 
decrease in size when the anemia is cured. The cardiac 
heard in severe anemias can disappear entirely when the an 
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cured. The finding of an enlarged heart together with the typical 

patient with" 8 ^ ? iC ‘ m ' e ° f orga,lic yah ' ul!lr disease in a 
diae dLease! Se '’ ere d ° CS not in itselt indicat<: ^anic ear- 

»uggelt 11 ° KVn " a| ’ 1 " e ' !i,,tl “" t0 Dr ' Mam ‘ s A. JiothscMH for his helpful 
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THE ELECTROCARDIOGRAPHIC CHANGES IN 
MYOCARDIAL ISCHEMIA* 


H. S. Feil, M.D., L. N. Katz, M.D., R. A. Moore, M.D., and 

R. W. Scott, M.D. 

Cleveland, Ohio 

I. The Effects of Ligation of the Left Descending Coronary 
Artery With and Without Occlusion of the 
Inferior Vena Cava 

T N PREVIOUS papers 1 ’ 2 we reported our observations on the elcctro- 
* cardiograpliie changes in experimental and clinical pericardial ef- 
fusion. Deformities in the R-T complex similar to those seen in recent 
myocardial infarction were observed. These changes were ascribed to 
myocardial ischemia resulting from increased hydrostatic pressure in 
the pericardial sac. The present work was undertaken to study fur- 
ther the effects of acute experimental myocardial ischemia on the 
electrocardiogram. For this purpose the ramus descendens of the left 
coronary artery alone was tied. Further reduction in the blood supply 
to the heart was induced by occlusion of the vena cava inferior. 

Experimental occlusion of the coronary arteries is known to cause 
changes in the R-T complex . 3 ’ 4 ’ r> - 7 Recently Gruber 3 found that 
generalized anoxemia caused electrocardiographic changes which were 
exaggerated by drugs which presumably constrict the coronary arteries. 

METHOD 

Twenty-nine dogs ranging in weiglit from fourteen to thirty-eight kilograms 
were used. The animals were anesthetized with morphine and barbitol. The (Uesl 
was opened and artificial respiration instituted. The pericardium "as split am 
attached to the chest wall to form a hammock for the heart. In this "HJ a w.i.iu 
ably constant position of the heart was maintained throughout the experiment 
Under the inferior vena cava a half-inch tape was placed, which vhen pullet 
occluded the vessel. The ramus descendens of the coronary artery "as Ireet 
its sheath, and a waxed silk thread was placed under it. The tessel "as ig> 
at varying levels (1 to 4.5 cm.) from the mouth of the left eorounn . ^ 

a few preliminary experiments the coronary vein was occluded in the tie. ‘ ^ 

variable period following tlic coronary tie (0 to 5S minutes) the in ( ’ rl0r 
cava was temporarily occluded for from 3 to 5 minutes. ^ 

Electrocardiograms were taken, using the three standard leads, j 1]S 5 0 * n 

before (control), at various stages after the coronary tie, and during tie ^ 
of the inferior vena cava. In most of the experiments a continuous nr { 

pressure tracing was recorded. At the end of each experiment the 

T tltlltf* of 

•From the Departments of Physiology and Medicine and the ns 
olojry. Western Reserve University Medical School. Atlantic City. 
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tirfompteteueirof fte'eLTimmta! I T),i ’ P rocea " r » «®»’<io4 » «ta* on 
in the area supplied by tbe oeelnded vessel ‘ l " 8 ° f H ' e “”” sl °“>° sis 

RESULTS 

^ le | 3lillci P al effects on the electrocardiogram of libation of the 
t^TheTZZZ 8 fallal 1 : ft ^ ^ be e0n ® idered under 

nat "T, COr °' 

tvif»ninv cl-., *n ° 1 01 rJie,se deatJl as a result of veil- 

V “am-rnl "lithin five Minutes. Six animals developed 

, , . atlcn Ultilm eieven to seventeen minutes* three cle- 

oped dilatation and fibrillation of the ventricles (seventeen forty 
and forty-six minutes, respectively after the coronary tie) as a result 

S “ 'f 6 rr‘ n ^ ^ “ “™ b -> — sacrificed f^ 
t) -eijit to sixty-eight minutes after the coronary tie. In other 

words, ventricular fibrillation directly attributable to coronary occlu- 
first hou“ re appr °™ teIy 54 P e ‘- of OUT animals within the 

fibrillario,!"m‘“ e n “Tw 1 ' Vas . obtaiued ‘ lt «*• o.met of ventricular 
, ‘ Q , . ' ^ er a bew Premature ventricular beats, the 

-ast. one ot which is shown in the figure, a run of ventricular taehv- 

aidia was inaugurated by a premature ventricular beat and termi- 
nated by ventricular fibrillation. 

Analysis of our curves showed no relation between tbe presence of 
ventricular fibrillation and the level at which tbe artery was tied the 

stances * the . lm " st ° mosls > m the "’eight of tbe dogs. In most in- 
.. . ces the animals that developed ventricular fibrillation bad prema- 
ture contractions and paroxysmal tachycardia as well. 

Ventricular premature contractions were common sequelae occur- 
ring m sixteen animals. In half tbe eases tbe premature eont.’ae io s 
arose from several foci. Short and long runs of ventricular parox- 

several b Ch t y0n ‘ib 1 ' 61 ' 15 ^ Common in ten animals). In 

f 1 mst “ ces the Paroxysmal tachycardia arose from several foci 
In one ease, the origin was auricular. Sinus bradycardia developed in' 
t nee animals and sums tachycardia in two others. In four animals 
no change of mechanism occurred. 

■ E t ffeCt “ thC Bl00d ft -mu f '-e.-Ligature of tbe coronary 

In only 1 ““J?"?”** sma11 «haugca in tbe mean blood pressura. 

, . j • out ot mileteeu minmils in which it. was recorded, did tbe 
blood pressure drop permanently following the coronary occlusion 
and tins drop was only from 5 to 20 Hg. I„ four others there 
was ci temporary drop followed by a return to normal or actuallv to a 
evel higher than normal (10 mm. Hg*. in one and 25 mm. Hg* in the 
other). In four animals no change in blood pressure occurred. In five 
the blood pressure rose from 10 to 30 mm. Hg. following the coronary 
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tie; in one of these, however, the pressure Inter dropped to below nor- 
mal. In every instance a decided drop in blood pressure occurred 


.with premature contractions and paroxysmal tachycardia. '1 


lie mag- 


nitude of the drop varied from 20 to 40 mm. of Jig. 

111. The Effect on the R-T Segment and the T-wavc of the. Elect ro- 
cardiogram . — Occlusion of the left descending coronary artery alone 
caused only slight alteration in the R-T segment, provided the mecha- 
nism remained normal. The only change that did occur in most ol 
the cases was in the T-wavc. This consisted in an increase in the 
amplitude of an upright T (e.f. segments 1. 0, and 7 in Fig. 2). a de- 
crease in the amplitude of an inverted T (e.f. segments 1, 0. 5, S, in 



1 3 7 8 9 

Fiff. 2. Typical .segments of experiment on Doc Hi 
(1) Control. 

fri m, nutes after left coronary was tied. 

(8) Fnl-H- m n / tcr teft coronary was tied, 

terlor vena cava tie * !lftCr ' Cft t '° , ' on!l, '- v wn * ««» «»<1 five minute* after in- 
tie VnJVelWscd!'^ after lofl col ' on:iry " ns u< ‘ l1 a,ul flv e minutes after vena cava 


Mil' I he tranfiform » ti ‘ >n 0| ‘ » sm»n inverted T into a small np- 
ollt one (e.f. segments 1 and 2 in Fig. 5). 

00 " t101 aniinnJs ligatures were placed under tl.c coronary 

«l>mw in tLT tlWl ' T hiS P1 ' 00Cd '’ re ,,louc e! >" sed sli S« dinsetional 
can b E "'° uW SMm ’ tllcrct(TO . that little significance 

ligation c mmor Clu "' 80s *» «» T-"-«vc after coronary 

h tW ° anima,s in wMdl «'<■ vein as well „ tire artery was tied, 
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tractions occurring singly and in short runs and coming from several 
foci. This irregularity started about a minute after the coronary was 
tied, reached its maximum two minutes later, and disappeared within 
ten minutes. (See segment 5 of Pig. 4.) The positive S-T segment in 
Leads II and III is apparent, as is the short positive S-T followed by 
a negative T in lead I. These abnormalities are in sharp contrast, to 
the normal configurations of the electrocardiogram in segment 4, the 
control. Segments 6, 7 and 8 of Pig. 4 show the return of the electro- 
cardiogram to normal in a period of thirty minutes. Segment 8 dif- 
fers from the control segment 4 only in that it has a larger T in Leads 
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Fig. 5. — Typical segments of experiment on Dog IS. 

(1) Control. 

(2) Four minutes after left coronary was tied. 

(3) One minute after left coronary was tied. . . .. eus 

Paroxysmal tachycardia stopped by stimulation of peripheral ,e ,i e( T 

(4) Two minutes later and eleven minutes after left coronar. < 

(5) Thirty-nine minutes after left coronary was tied. 

II and III with a slight slurring of the descending limb of R >» Lead l 

Dog eighteen whose record is shown in Fig. 5, developed juiich^ 
paroxysmal tachycardia, interrupted by short runs of ventrict^ 
tachycardia. This irregularity was interrupted and a nomm 
nism restored by stimulating the peripheral end of the left tagus ^ ^ 
a faradic current. Except for the T-wave becoming upright, no 
occurred in the electrocardiogram four minutes after t le cor ^ ^ 
ligation (c.f. segments 1 and 2). During the tachycardia, segm ^ 
a high take-off of the S-T segment is seen. This persists in a II 111 
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form two minutes after the tachycardia was interrupted, segnu. • 
and has practically disappeared thirty-nine minutes later, segmen . - 
Do^ 30, whose record is shown in Pig. 6, developed ventricular pre- 
mature contractions from several foci which on occasion occurred m 
short runs following the ligation of the coronary artery. Segments 
5, 6, and 7 show the high take-off of the S-T segment in the norma 
sinus beats between the premature contractions. 

Jt appears, therefore, that an abnormal cardiac mechanism (pie- 
mature contractions and tachycardia) is a factor in myocardial 
ischemia. In hearts developing an abnormal mechanism iollowing 
coronary ligature, positive R-T deviations occurred. On the oilier 
hand, no such changes were seen in hearts which continued to beat 
normally following coronary ligature. The intervention of a cardiac 
irregularity in a heart already partially deprived oi its blood supply, 


acts as an added insult by further impairing the coronary flow. 

IV. The Effect of Inferior Vena Cara Jjiyation . — In eleven animals 
the inferior vena cava was temporarily occluded twenty times at vari- 
ous periods after the coronary ligation (nine to fifty-eight minutes). 
The occlusion lasted from three to five minutes. In every case the 
mean blood pressure fell to a level ranging from 45 to 60 mm. Iig., 
with one exception when it fell to 70 mm. Ilg. This represented a 
drop in pressure ranging from 40 to SO mm. Ilg. 

The most common change in mechanism following the ligation of 
the vena cava was a sinus bradycardia (17 experiments out of 20). In 
one animal in which the inferior vena cava tie was made three times 
no change in mechanism occurred. In one experiment complete heart- 
block developed. The effect of the inferior vena cava tie on premature 
contractions was valuable. The records of one experiment show (Pig. 
6) that the premature contractions present before the vena cava tie 
disappeared following the tie. In one experiment the cava ligation 
induced ventricular premature contractions, while in two other in- 
stances premature contractions persisted after cava ligation. 


As a rule characteristic R-T deviations appeared afler ligation of 
the inferior vena cava. For example, in Dog 16, in which ligation of 
the coronary artery had no effect on the S-T segment, (e.g. Fig. 2 seg- 
ments 1, 3 and 7), occlusion of the inferior vena cava for five minutes 
produced a positive S-T take-off in Leads I and II and a negative 
tace-off in Lead III. These changes disappeared again five minutes 
C1 ' release of th e ligature on the cava. Fig. 3 illustrates a similar 
lesxi t 111 21. In this animal no change in the S-T segment, oc- 

curred following coronary tie, i.o., segments 3, 5 and 8, until the in- 
enor vena cava was ligated for five minutes (segment 9) when a 
tenrlfm , nes ;? tlve S ' T se 8' ment developed in Leads TI and III which 

inent im° d ! sa *JJ! ear fi 7 e minutes aftpr releasing: the caval tie (seg- 
)■ In Fig. 4, is shown the gradual return to normal of the 
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only one animal, Dog 31, whose records are shown in Fig. 7, -was a 
more distinct negative S-T segment observed. Even here the change 
was in no way comparable to the changes seen in the cava occlusion 
after ligation of the coronary artery (c.f. Fig. 7 with Fig. 3).* 



Fig. 8. — X-ray of injected coronary arteries of Dog 10. X indicates location of 
occlusion of 'the ramus descendens of the left coronary artery. The three ears in 
the figure indicate respectively from right to left, the right ventricle, left ventricle, 
and septum. Note abundance of anastomosis. 



Fig. 0. — X-ray of injected coronary arteries of Dog 30. Showing as 

ramus descendens of the left coronary artery. The three ears in me a 
previous figure. Note almost complete absence of anastomosis. 


of 

in 


DISCUSSION 


(a) Relation of the electrocardiographic changes to the level of 1 'J a 
lion, to the area supplied by the ligated vessel, and to the abundance o 
the coronary anastomosis. 

*No change in tlie S-T interval was observed during slowing following stin" 
tion of the vagus. 
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In these experiments there is no correlation between the extent of 
the S-T deviation and the animal’s weight, the extent of the area de- 
prived of blood supply, or the level at which the ramus descended 
was ligated. Especial attention' was paid to the extent of the anas- 
tomosis, which was found to vary greatly in different animals, from 
practically none, as illustrated in Fig. 8, to an abundant one as seen 
in Fig. 9 (c.f. also Moore 10 ). Despite this great variation m the abun- 
dance of the anastomosis there was no correlation between the anas- 
tomosis and the electrocardiographic changes. It may be that this 
lack of relation is dependent on a variable Thebesian supply, a factor 
which could not be evaluated. 


The lack of R-T deviation associated with normal mechanism in 
these experiments was not caused by failure of coronary artery lig'a- 
tion. This was shown by tl\e injection of the hearts post-mortem. 
Every animal showing no changes in the R-T segment after coronary 
ligation was found on injection to have had complete obstruction of 
the coronary artery at the site of the tie (e.g. Figs. 8 and 9). 

In the face of our negative results from ligature of the coronary 
artery, we may consider the positive results previously reported. In 
the first place earlier workers included the vein in the coronary 
ligature, a factor which must accentuate the ischemia from coronary 
occlusion alone. In previous experiments, no particular precautions 
were taken in the use of anesthetics to maintain the systemic blood 
pressure at a normal level. We found in animals whose left ramus 


descendens was ligated — with no significant drop in blood pressure — 
that a lowering of systemic blood pressure from occlusion of the in- 
ferior vena cava for five minutes was sufficient to cause R-T deviations 
to appear. It is apparent, therefore, that unless the systemic blood 
pleasure is maintained at a normal level one cannot conclude that 
coronary occlusion per se is the sole factor responsible for R-T de- 
viations. 


(b) The Direction of the S-T Deviation. 

Recently Barnes and Whitten 11 have emphasized that the direction of 
t le S-T deviation m the various leads may be used in localizing the 
site of the area infarcted. According to them infarction of the ante- 
rior portion of the left ventricle or apex caused a positive S-T in Lead 

*" d in£imti “ o* «« posterior wall 
of tl e left Tentacle produced a negative S-T in Lead I and a positive 

> -1 in Lead III. Our experiments show that while this correlation 
obtains m the majority of dogs, it is not always present. The area in 

extent ^ 16 !i ~ ! UPply Was inte rfered with was located, to a variable 

the septic VnlsT T* ° f the Ieft ventricle arid in 

® ptum ' Tn 18 experiments a change in the level nf fh* <s m ■ , 

val occurred in Lead I; in 15 of these the + ^ 

negative n, e ■ tne b_i was positive and, in 3, 

° ’ falr cement with Barnes’ and Whitten’s pre- 
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diction. But in Leads XI and III the disparity is more striking. For 
example, in the 25 experiments in which a change in the S-T level oc- 
curred in Lead II, in twelve the S-T became positive and in thirteen 
negative. In the twenty-six experiments in which the S-T level changed 
in Lead III, ten had a positive S-T, and the remainder (16) a negative 
S-T. However, the most striking shifts of the S-T level were found in 
those instances in which the S-T in all three leads or at least in Leads 
II and III became positive. Some of the typical shifts of the S-T 
intervals are shown in Figs. 2, 3, 4, 5, 6. For example, Fig. 2 (seg- 
ment 8) has a positive S-T interval in Leads I and II, and a negative 
S-T in Lead III. Fig. 3 (segment 9) has practically no change in 
Lead I and a negative S-T in Leads II and 111. Fig. 4 (segment 5) 
lias a short negative S-T in Lead I, and a marked positive S-T in Leads 
II and III. Figs. 5 and 6 show positive S-T intervals in all three leads. 

This variability in S-T changes in hearts with the same general area 
affected indicates the difficulty of localizing the affected region from 
the direction of the S-T in the electrocardiogram. 

(c) The Role of Myocardial Incompetence in Producing the Electro- 
cardiographic Changes Associated with Coronary Occlusion. 

It was stated above that ligature of the ramus descenders of the 
left, coronary artery in the dog caused no characteristic 11-T deformi- 
ties of the electrocardiogram, provided the cardiac mechanism re- 
mained normal, whereas a further impairment in blood supply (liga- 
ture of the inferior vena cava for five minutes) caused R-T deviations 
to appear. In the normally beating dog heart- there is apparently 
sufficient- collateral circulation to prevent a high degree of local 
ischemia following coronary ligature. This collateral supply, however, 
fails to prevent ischemia after ligature of the inferior vena cava. 

The hvpodynamic state of the heart resulting from an impaired 
venous return causes (1) a lowering of intraventricular pressure dur- 
ing systole and (2) a sharp fall in systemic blood pressure, factors which 
reduce the flow through both the Thebesian system and the coronary 
capillaries. As a result, myocardial ischemia of a degree sufficient to 
cause 11 -T deviations in the electrocardiogram appears. It is kno\\n 
that some grade of myocardial incompetence is often associated vith 
or results from coronary thrombosis in man, and our experimental 
results suggest that the R-T deviations frequently seen in such eases 
may he due, in part at least, to the hvpodynamic state of the heart. 

SUMMARY 

Ligature of the ramus descenclens of the left coronary arfen in 
acute experiments on dogs caused no characteristic R-T deviations o 
the electrocardiogram provided the cardiac mechanism remained noi 
mal. However, a further impairment in the heart's blood snpph m 
dueed by ligation of the inferior vena cava for five minutes, produce! 
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typical R-T deviations as seen in recent clinical coronary thrombosis, 
with a return to normal after the venous obstruction was removed. 

The appearance of a disturbance in the cardiac mechanism {extra- 
systoles and tachycardias) following coronary ligation alone produced 
R-T deviations. 

These experiments suggest that R-T deviation is a manifestation of 
myocardial ischemia in the production of which coronary occlusion is 
one factor. 
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THE VALUE OF NEEDLE ELECTRODES IN ELECTROCARDIO- 
GRAPHIC DIAGNOSIS* 

Johnson McGuire, M.D., and John II. Foulger, M.D. 
Cincinnati, Ohio 

TT NOT infrequently happens that, in talcing electrocardiograms with 
the conventional Einthoven leads, using zinc plate electrodes, the 
auricular deflections are so obscured (by muscle tremor, low voltage, 
etc.) that it is impossible to decide upon the true character of auricu- 
lar activity. This is particularly the ease with auricular fibrillation. 




Mete! Strip Sf’nf 
/n F/$or<? 8 


Contact Czbfe 

Flectroc&rdio^rjph 


Fig. 1. — Diagram of needle electrodes. 

flutter and tachycardia. When such a difficulty occurs, leads from the 
thorax, with the needle electrodes first suggested by Straub,’ result in 
such amplification of the auricular deflections that their true signifi- 
cance can usually be discovered and their rate counted. 

Straub found that the site of greatest resistance in the whole, sjstcm 
of conduction of heart action currents is the fat-saturated outer bn a 
of the skin. This resistance he could overcome by inserting needles 1 
to 2 mm. below the skin surface. Though the needle electrodes vcie 
polarizable, he concluded that, since the action current of the. heait 
was small, they would produce no distortion of the eJeetrocardiogi.ini. 

•From the Cincinnati General Hospital and tlie Departments of Medicine and 
Pharmacology, University of Cincinnati. 
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Ackermann 2 compared leads (with needle electrodes) irom various 
points on the thorax with zinc plate leads from the extremities ami 
found that the former showed all the deflections of the normal electro- 
cardiogram with a distinctness often absent from the Einthoven leads. 

Wenckebach 3 employed thoracic needle leads in the analysis of cases 
of auricular fibrillation and flutter and concluded that they were ol 
great value. 



1 !!! i 



from" records' chest! C °rho "ir’r^ui ' * a « » tho Y cn • n - A record 

is A, B, Q, i s seen } n reCor( | jy t j 'itmmvimot rate ' ^determinate 

Note. — In all figures the standai-diz^irl 1,1 « W * ' ,atcly !7 ° P°r minute, 

eads. viz., l millivolt gave a deflection of l enf Sani ° fo ' - both needle and ordinary 

The Victor electrocardiograph : f1 
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The needle leads were of simple construction, consisting merely of an 
ordinary steel sewing needle connected with the tapered metal ends of 
the cable from the electrocardiograph (after removing the zinc plates) 
by a strip of metal bent into a figure eight and tightly clamped around 
both (Pig. 1). After sterilization the needles were inserted at tlie 
second and fifth right interspaces at the sternal margin. 


Fig. 3. — Patient 2. A, B, C represent Leads I, II and III. P 18 * dieted and the 
skeletal tremor confusing the record from the extremities is eliminate p_ 

provisional impression of auricular fibrillation is shown to be erroneou. ]s 

waves are clearly inscribed, when not buried in the T-waves. The true c . b 
partial auriculoventricular block with some auricular premature beats. 

It must be noted that, in employing needle leads, one can onh make 
use of those connections with the galvanometer marked to lead fioui 
the right, arm and the left leg, and that the former must aluajs c 
connected with the needle inserted in the skin in the second rig i 
interspace. 

In the following eases the true nature of certain auricular anlirik 
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mias was doubtful, until records were obtained with needle leads. In- 
deed, in Case 2, diagnosis was made possible only by tlien use. 

CASE REPORTS 

ruse 1 (Fie 2). The patient, a colored male, aged 54 veava, was ndmiUcc 
to the Cincinnati General Hospital with the clinical diagnosis of avtenosc erotic 
heart disease, congestive failure and frequent premature contractions. 1 he elect. o- 






case,' e orf^imlly e thouBh^ U to e b^possiblv'au^ular d flbrillnti' D iS - a I l eeclle ,cacL This 
completely regular succession of P-waves wHht kte of 250 V minute" t0 aVC * 

cardiogram with leads from the extremities, showed a rather irregular rhythm 
uith low voltage. No "f” waves were discernible. The record suggested auricular 

“t fT" l0 ™ ,trk ' ,l “V Oype 2) could „„ t be decisively 


eliminated. A needle lead record showed definite 


r.f; 


waves, irregularly spaced, 


- — — uvium 

with a rate of approximately 470 per minute. 

Case 2 (Fig. 3 ), Tliis patient, a white female aaefi na , 

interest, as the clinical picture and the eloetve \a- g 6 * ’ waa of 8 P eeial 

suggested auricular fibrillation However the L ' ai t 10 gram from the extremities 
clearly «,a. t«ord (Eg. 2 V), shewed 

auricular premature beats Coumiete • p< tjal auriculo-ventricular block with 

<» the Ewaves dissociation was ruled out, 
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Case 3 (Fig. 4). The patient, a colored female of 41 years, was admitted with 
hypertensive heart disease, mild congestive failure and marked cardiac irregularity. 
A, B and O of Fig. 3 show Leads I, II and III respectively. These records were 
at first interpreted as due to auricular fibrillation. But careful measurement sug- 
gested a regular spacing of the P-waves, especially in Lead III, though many were 
buried in the ventricular complexes. The needle lead record, Fig. 4 D, showed 
complete regularity of the auricular waves with a rate of 250 per minute. Conse- 
quently, the condition was diagnosed as one of auricular flutter, with varying 
degrees of block, although the disorder might be paroxysmal auricular tachycardia 
simulating that of a case reported by White.-* Later tracings taken after digitaliza- 
tion (and therefore in the presence of a high degree of block), while showing the 
same auricular rate, resemble more closely those of auricular flutter. It should be 
mentioned that before digitalis was given, pressure over the vagi and ocular pressure 
had no effect upon the heart rate. 

Case 4 (Fig. 5) illustrates the extent to which the P-waves can be amplified by 
the use of needle electrodes. 




Fig. u. — Patient 4. A is a section from Lead II with ordinary electrodes. B is 
a needle lead from the chest. The P-waves are enlarged disproportionately w> mi- 
ventricular complexes, which are now registered as downward deflections ana sn 
the amplification and change in form of the normal P-wave. which usually occur, 
needle leads. 


SUMMARY 

By the use of needle electrodes and thoracic leads, accurate diag- 
nosis can sometimes be made when the interpretation of electrocardio- 
grams made with the ordinary leads is doubtful. Three cases are cited 
which demonstrate the value of this method. A simple method foi the 
construction of such electrodes is described. 

The authors wish to express their appreciation of Pr. Paul D. Mbite s helpful 
criticisms and suggestions. 
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electrocardiographic STUDIES IN INFECnOUS 

DISEASES* 


Preliminary Report 

Charles Shookhofe, M.D., and Leo M. Tahan. H.D. 

Brooklyn, N. Y. 

r_ pIIE heart is involved in the severer types of all the infectious dis- 
1 eases. The bedside symptoms of this involvement, systolic mur- 
murs, indistinct heart sounds, rapid heart rate, generalized weakness, 
etc., have been recognized by physicians tor many years. An «>- 
rliythmia has always been considered of great importance in the estab- 
lishment of such cardiac involvement. Since the introduction of the 
electrocardiograph into the clinic, gross abnormalities in electrocardio- 
graphic curves have been found in the severer types. of nearly all the 
infectious diseases, typhoid fever, influenza, diphtheria, etc. Auricular 
fibrillation, flutter, paroxysmal tachycardias, nodal rhythm, extrasys- 
toles, sino-auricular block and all the degrees of atrio-ventricular block 
have been reported. 

In rheumatic fever, more than in any of the other infectious dis- 
eases, the arrhythmias have played an extremely important part, pri- 
marily because of their frequent occurrence. In recent years many 
observations have been made, not only on the frequency of changes 
in rate and rhythm, hut also on the high incidence of prolongation of 
the auriculo-ventricular conduction time. (Parkinson, Gossc and Gen- 
nison, Cohn and Swift, 1 and others.) More recently, Cohn and Swift, * 
Rothschild, Libman and Sachs,' 1 and others, have made observations on 
the frequent occurrence of deviations from normal in the ventricular 
portion of the electrocardiogram. They described changes in the 
T-wave and in the R-T or S-T intervals as well as conduction disturb- 
ances. Swift 4 reported such changes in 93 per cent of a series of rheu- 
matic fever patients. All these observers have reported changes iu 
the form of the electrocardiogram, from time to time during the course 
of the disease, changes not always paralleling the clinical signs of 
seventy , i.e., leucocytosis, temperature, joint involvement, etc. 

Rothschild, Libman and Sachs 11 commented upon the persistence of 
electrocardiographic findings iu a number of their rheumatic fever pa- 
tients who had been declared clinically well. Shapiro, 5 in a recent 
publication, studied electrocardiographic tracings taken on children 
who ga ve a definite history of having had rheumatic fever and who 

the*Kin^st^ e Avenue'^lfospit^ e f(H' ^CMitafgious^iases^es^ 1 H ° SpUal ° f 
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were attending school regularly. He found in these children a high 
percentage of abnormalities occurring particularly in the ventricular 
portion of the electrocardiogram. In twenty cases of his series he found 
variations in the form of the electrocardiographic abnormalities from 
time to time, similar to variations found in active rheumatic fever but 
to a lesser degree. 

The electrocardiographic abnormalities found in rheumatic fever 
can be thus classified: (1) changes in rate and rhythm; (2) changes 
in the A-V conduction time, from a slight prolongation of that inter- 
val to all the higher degrees of A-Y block (3) changes in the ventricu- 
lar portion of the electrocardiogram involving abnormalities in posi- 
tion and shape of the S-T or R-T interval; height and direction of the 
T-wave; and height and shape of the main deflection. These changes 
in themselves cannot be considered specific for any definite disease en- 
tity. They have been observed in toxic, degenerative, infectious, vas- 
cular, metabolic and other types of disease. AYe believe that electro- 
cardiographic abnormalities, since they are indicative of a disturbed 
physiology only, cannot in themselves, without clinical data, be used 
to make a diagnosis of a specific pathological process. Certain diseases 
seem to have a predilection for the conduction system, however. 

Despite our belief in the nonspecificity of electrocardiographic find- 
ings, we felt that in rheumatic fever the above described changes 
might be characteristic for that disease because of : (1) the high inci- 
dence of their occurrence; (2) the varying electrocardiographic 
changes in the course of the disease, changes not always paralleling 
the clinical signs or severity of involvement; (3) the tendency ol 
these changes to persist ; (4.) the frequency of conduction disturbances. 

Rothschild, Sacks and Libman 3 compared electrocardiographic find- 
ings in rheumatic fever and subacute infective endocarditis. They 
found these abnormalities much less frequently in subacute infective 
endocarditis than in rheumatic fever. No mention, however, was made 
of the possibility of these findings being due to the previous rheumatic 
involvement that the patients with subacute bacterial endocarditis 
might have had. 

In order to obtain further light on this question, we decided to make 
comparative studies in other infectious diseases. 

AVe took electrocardiographic curves during the course oi the vaii 
ous infectious diseases and compared these findings with those de- 
scribed in rheumatic fever. 

Although considerable work has already been done on normal cbil 
dren, we thought it advisable to control our studies in iniectious dis 
ease with normal children living in the same environment. 

In this preliminary report we present briefly the results of a stud} 
of two hundred and fifty-nine normal children between the ages o 
six and fourteen years: fifty cases of scarlet fever, between the ages o 
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six ami fourteen years ami fifty eases of rtipl.tl.eria in tlm «nm. ,ure 
groups, and a comparison of Hie findings m the lnttoi tun 
with those described in rheumatic fever. 


HKKUI.TS 


rrent 


I. Normal Children .— On the whole our findings do not. m any gi 
degree, vary from the conclusions drawn by Bcham/* Inneoln and 

Nicolson 7 and others. 

The heart rate decreases as the child grows older,. and the lennue 
rate is higher than the average male rate. The percentage oi. eases 
having a pulse rate above 100 does not strikingly decrease with the 
increase in age up to nine years; from that age on there is a definite 
decrease in the percentage occurrence of rates above 100. 

Seventy-eight per cent, of our normal children have shown a sinus 
arrhythmia. From the ages of six to nine years there seemed to he a 
definite decrease in the incidence oi sinus arrhythmia with a definite 
increase in rate; from nine to eleven years, despite a very definite de- 
crease in rate, there was a definite decrease in the incidence of sinus 
arrhythmia; from the ages of eleven to thirteen years, the incidence ol 
sinus arrhythmia increased very perceptibly, concomitantly with a 
definite decrease in rate. Extrasystoles were found in only two chil- 
dren — one child had auricular extrasystoles and the other had ventric- 
ular extrasystoles. No other arrhythmias were noted. 

No abnormalities in the shape of the P-wave were seen in the first 
or second leads. In 37.6 per cent of tin's series split, diphasic or in- 
verted P -waves were observed in the third lead. 

The average P-R interval in children is much shorter than the ac- 
cepted maximum normal of 0.20 seconds for adults. Our average for 
children in the age group studied was about 0.12 seconds, and the 
range was from 0.08 seconds to 0.1 fi seconds. 

The QR.S interval in our series was found to be not more than 0.053 
seconds. No abnormalities in the shape of the lt-wave or QRJ$ detec- 
tions were noted in Leads I or 11. In 34.8 per cent of the children 
there is a slight slurring of the main deflection and a slight widening 
of the QRS interval seen in the third lead. 

We found the R-T or S-T interval isoelectric in the first and second 
leads in all but four children, and in these four children the distance 
above or below the line was less than 0.10 mm. No explanation for 

us possible deviation from the normal could he found in the clinical 
history. 

The average height of the T-wave for the whole aeries was 3,5 mi l|j. 
meters. No abnormalities of this wave were seen in the first or second 
eacls. Twenty-four and eight-tenths per cent, of the children showed 

° f “ S » *• >-d. Prom the ages of teHo 

omteen years there was a very definite decrease in the percental 
incidence of inversion of T 1 enrage 
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The relationship of the length of the P-T to the length of the whole 
cardiac cycle was studied. It was found that the average P-T inter- 
val in these normal children was 71 per cent of the average length of 
the whole cycle. 

In nine children, or 3.4 per cent of our normal series, we noticed an 
abnormal axis deviation which has persisted for at least two and a half 
years in four out of five children reexamined within that time. 

In twenty-five children studied before and immediately after a given 
amount of exercise, we found no change in the configuration of the 
electrocardiographic curve. There were no disturbances in the shape 
and position of the T-wave or shape and position of the R-T or S-T 
interval in the first and second leads. No changes in the length of the 
P-R interval were noted. ' The only changes noted after exercise were 
an increase in heart rate and a decrease in the occurrence of sinus 
arrhythmia. 

Daily electrocardiograms were taken on twenty children for two 
weeks. No changes in the form of the electrocardiogram, either in the 
T-wave or R-T or S-T interval were noted from day to day in the first 
and second leads. Changes in the direction of the T-wave in the third 
lead, however, were observed in three children of this series. Rate 
changes were frequent. Particular attention was paid to T-wave, R-T 
and P-R interval changes. 

II. Scarlet Fever . — There are many relationships that scarlet fever 
and rheumatic fever seem to have in common. The association of some 
form of streptococcus to these diseases as a specific etiological factor; 
the many symptoms of a hypersensitive state caused by some form of 
this type of organism ; the not infrequent activation of a latent rheu- 
matic fever by the occurrence of scarlet fever; the many contro- 
versial points in the pathology of these diseases, particularly the con- 
ception of Schmorl and Fahr; the many clinical manifestations, 
tonsillar involvement, joint manifestations, cardiac complications, 
nephritis, common to both diseases make this comparative electro- 
cardiographic study of interest. 

Electrocardiograms were taken during the course of the disease m 
fifty children suffering from scarlet fever. 

We found that the rate did not materially differ in the various age 
groups from the rate found in normal children. The higher rates, 
found in the febrile cases, had a definite relationship to the increase 
in temperature. 

The incidence of sinus arrhythmia paralleled the incidence of that 
arrhythmia in normal children. 

A relative bradycardia was observed in 25 per cent of the patients. 
This marked drop in heart rate was first noted about the tenth day ol 
the disease, and lasted up to about the end of the third or the begin- 
ning of the fourth week. No other arrhythmias were noted. 



smooKHOKF ASP takas: i:M’-<’Tum'MimooHAriiU' stnmw 

We observed an abnormal axis deviation in 1C per cent of the eases 
This deviation, however, returned to normal belore disehaige 
the hospital in. all but one child. 

No abnormalities in the P-waves were noted. The P-waves. hou - 
ever, were slightly higher in those children having irver than those 
in the afebrile stage. The average height, of this wave in all eases <> 

is compared with 1.7 millivolts m 1101 - 


Phc 

The febrile eases 


scarlet fever was 1.5) millivolts as 
mal children. 

The P-R interval ranged from 0.08 seconds to 0.18 seconds, 
average length of this interval was 0.125 seconds, 
seemed to have .a shorter P-R interval. No prolongations of this in- 
terval were noted. 

No abnormalities or abnormal prolongations of the QRS interval, or 
of the shape of the main deflection, were noted in the first or second 
lead. 

In 14 per cent of the children minor changes in the position of the 
R-T or S-T interval were noted in the first or second lead. 

Abnormalities in shape and direction of the T-wave in Leads 1 and 
II were noted in only 10 per cent of the children. All abnormalities 
appeared early in the course of the disease and disappeared early in 
convalescence. No electrocardiographic abnormalities were noted on 
discharge from the hospital. In 40 per cent of these children an inver- 
sion of the T-wave in the third lead was noticed some time during the 
course of the disease. In 3(> per cent T.. changes only were found. 
These changes were not considered evidence of myocardial disease 
although the percentage of inversion of T.. was higher in scarlet fever 
than in normal children of the same age groups. 

The ratio of P-T to P-P was 70,8 per cent. 

Our electrocardiographic findings in scarlet fever differ from those 
described in rheumatic fever: (1) in the comparative infrequency of 
abnoi malitics ol the ventricular portion oi the electrocardiogram; 
(2) in the complete clearing up of these abnormalities early in the 
convalescence; and (3) in the absence of conduction disturbances. 

III. Diphtheria .- — This electrocardiographic study in diphtheria was 
prompted both by the disturbances found in the ventricular portion 
of the electrocardiogram in rheumatic fever and also by the endeavor 
to throw further light on the cause of circulatory failure in that disease 
bitty consecutive admissions to the diphtheria wards of the Kin- 
ston Avenue Hospital for Contagious Diseases wove studied Our 

cRnhtherb! Ud O 1 to ™? 1 , l or * Septic > l^.vngeal, laryngeal, and faucial 
diplithena. Only mild cases were seen. All children recovered. 

th 11 . 16 d ' phthena ® ases the average heart rate was somewhat higher 
t an that found m the scarlet fever or normal children. There was a 
decidedly higher percentage of cases with rates between 110 and ion 
■n disease. This i„c re „ S e in rate „ ot „eco 
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Fifty-six per cent of the patients showed a sinus arrhythmia. Two 
eases only showed a relative bradycardia during the second week of 
the illness. Auricular extra systoles were noted in only one case. 

No abnormalities in either the height or the shape of the P-wave 
were noted in the first or second leads. P, changes alone were not 
considered evidence of myocardial disease. 

No prolongation of the aurieulo-ventricular conduction time above 
that considered normal for children was observed. The average P-R 
interval, however, 0.134 seconds, was slightly higher than that for 
scarlet fever. 

In order to compare the P-R interval in scarlet fever and diphtheria 
with that in rheumatic fever, the P-R interval in fifty children, be- 
tween the ages of six and fourteen .years, having acute or subacute 
rheumatic fever was measured. It was found that the mean and 
standard deviation of the P-R interval in scarlet fever were respec- 
tively 0.1256 and 0.020S ; in diphtheria 0.1274 and 0.0202 ; and for rheu- 
matic fever 0.1936 and 0.034. No prolongations of the P-R interval 
above that considered normal for children were observed. 

The average length of the Q RS interval in diphtheria was 0.06 sec- 
onds. This is somewhat higher than the average for normal children 
and for children suffering from scarlet fever. In 16 per cent a distinct 
widening of this period was noted. In these cases a slurring of the 
descending limb of the R-wave and a high position of the R-T interval 
was noted. Aberrations in the QRS group in the third lead only 
were not considered evidence of myocardial disease; they occurred in 
40 per cent of the children. This percentage is slightly higher than 
that found in normal children and in scarlet fever. 

Sixty per cent of the children showed disturbances in the shape or 
position of the R-T or S-T interval. In 16 per cent the R-T interval 
was a continuation of a slurred descending limb of the R-wave and did 
not reach the base line,- it had its convexity downward and ended as 
the upstroke of the T-wave. The QRS interval in these children was 
widened. By far the greatest number of electrocardiographic abnor- 
malities in mild diphtheria were found in disturbances of the R-T or 
S-T interval. These abnormalities occurred as early as the fourth 
day of the disease and as late as the fifty-seventh day. In 14 per cent 
these abnormalities disappeared entirely before discharge from the 
hospital, in some instances these curves became normal as early as 
the seventh day and in others not before the sixty-third day of the 
disease. In 46 per cent of the cases these abnormalities persisted up 
to the time of discharge from the hospital to some degree. Jlieic 
seemed to be, however, a tendency to improvement. 

No relationship was noted" between the occurrence ol these abnor- 
malities and temperature, heart rate or duration of illness. 
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Of these children only eleven showed clinical signs of myocardia 
involvement during the course of the disease. 

Abnormalities in the T-wave were noted in eighteen children. Di- 
phasic, iso-electric, depressed or rounded T-wnvcs were eonsideied 
abnormal. No inversions of this wave, in the first or second leads were 
noted, however. T-wave changes, as well as the R-T interval changes, 
occurred as early as the fourth day of the disease and as late as the 


fifty-seventh day. 

The ratio between P-T and P-P did not difi'cr to any degree from 
that of normal children or of children with scarlet- fever. It uas /I 
per cent of the whole heart cycle. 

Eighteen per cent of the children showed an abnormal axis devia- 
tion; 12 per cent showed a right axis deviation and (5 per cent, a left 
axis deviation. Of the nine children who showed an abnormal axis 
deviation, seven showed electrocardiographic abnormalities and six 
showed clinical evidence of myocardial involvement. In only one of 
these children was the heart found large by roenl gen-ray examination. 

It seems to us that these electrocardiographic evidences of myocar- 
dial disturbances in mild diphtheria without any prolongations of the 
P-R. interval is evidence to support the myocardial theory in circula- 
tory failure in this disease. 

We feel that electrocardiographic abnormalities may be the only 
evidence of myocardial involvement, and that children suffering from 
diphtheria should not be pronounced free from danger without the 
benefit of further electrocardiographic studies. 

These electrocardiographic abnormalities in diphtheria are similar 
to those described in rheumatic fever: (1) in that they occur in a 
high percentage of children who suffer from only very mild diphthe- 
ria; (2) that these findings have a tendency to persist; and (3) that 
electrocardiographic abnormalities may be found when no clinical 
signs of myocardial involvement are present. 

They differ, however, in the absence of A-V conduction disturbances 
in these milder cases. 
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INIIALATIONAL TREATS I ENT OF ANGINA PECTORIS AND 
INTERMITTENT CLAUDICATION 0 


Y an dell Henderson, Pii.D. 

New Haven, Conn. 

T NITALATION of carbon oxide is now administered for various thera- 

politic and prophylactic purposes. The benefits afforded depend 
chiefly on the part which carbon dioxide plays in the control of respi- 
ration. Resuscitation from asphyxia of the newborn , 1 prevention of 
postoperative atelectasis and pneumonia,- elimination of ethyl ether / 1 
of carbon monoxide , 4 and of other anesthetic and toxic gases 1 ' from the 
lungs and blood, all alike depend upon the increase of pulmonary 
ventilation under stimulation of the respiratory center by inhalation 
of carbon dioxide. 

INFLUENCE OF CARBON DIOXIDE UPON THE HEART AND BLOOD VESSELS 

The equally marked influence of carbon dioxide upon the circulation 
has not as yet, or to an ecpial degree, been exploited for therapeutic 
purposes. Yet, simultaneously with the modern development of res- 
piration, physiology has produced also observations indicating a pow- 
erful influence of carbon dioxide upon the heart. In a long series of 
experiments , 6 from fifteen to twenty-five years ago, my collaborators 
and I demonstrated on dogs, under artificial respiration or breathing 
naturally under a slight pressure of air after the opening of the tho- 
rax, a condition verging on tetanus of the heart — in the physiological 
sense of the word tetanus, that is a fusion of successive beats. This 
state was effectively counteracted and heartbeats of full amplitude 
were restored as a consequence of the restoration of a normal, or per- 
haps slightly excessive, carbon dioxide content in the blood. The les- 
sen of these observations is now generally applied in experiments upon 
the isolated heart in the Starling 7 heart-lung preparation. It is rec- 
ognized that the blood for perfusion, in addition to being oxygenated, 
must also be supplied with a sufficient amount of carbon dioxide to 
overcome the tendency of an exposed or excised heart to develop an 
inadequate diastolic relaxation. Otherwise it passes into a continuous 
systolic state, an incomplete tetanus or cramp of the heart. 

Following these observations upon the heart, it was shown in an- 
other series of experiments 8 that carbon dioxide may exert an equal h 
strong influence upon the peripheral circulation, and particularly upon 
the volume of the venous return to the right heart. Clinically tins 


•From tile Laboratory of Applied Physiology, Slieflleld .Scientific School, laic 
University. 
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effect is best seen as a result of the inhalation of carbon dioxide after 
a prolonged and extensive surgical operation under open ether anes- 
thesia. The return of blood to the cutaneous vessels,, the flushing of 
the skin, the refilling of the veins previously collapsed, bear at least a 
superficial similarity to the effects induced by inhalation of amyl 
nitrite. But the effects, like those of a hot bath and in contrast to 
amyl nitrite, are more physiological than pharmacological; they aie 
lasting and are accompanied by a restoration of a full strong heart 
action and a recovery of normal arterial pressure. Never in my expe- 
rience have there been any symptoms suggesting an overloading of the 
heart. 

Among the various treatments of heart disease, that at Nauheim is 
the most celebrated. It consists in baths in carbonated water. The 
good effects, which the treatment is claimed to have, have never really 
been explained. There is a stimulating action upon the skin, but there 
is little ground for believing that a slight cutaneous hyperemia can by 
itself be of much benefit. It is at least possible that the greater part 
of the benefit sometimes derived from the Nauheim treatment is due 
rather to inhalation of the carbon dioxide volatilizing from the surface 
of the hath. 


DECREASE OF ANGINA UNDER INHALATION 

With these considerations as a physiological background, it. has 
seemed to me justifiable to try, with all due caution at first, the influ- 
ence of carbon dioxide inhalation upon cases of angina pectoris which 
are as yet in their earlier stages, but in which moderately severe suf- 
fering on exertion is already developing. This is not an emergency 
treatment, hut a therapy for prolonged application. The inhalations 
are not given during an attack of pain, but at regular times every 
day, usually before the midday and evening meals, and at bedtime. 
The patient lies quietly on his back for a few minutes holding over his 
own face a mask which has a sufficiently large opening to the outside 
air to offer no resistance to breathing. He is told to keep his mouth 
open and to breathe deeply rather than rapidly. Then a stream of 
carbon dioxide gas through a small rubber tube from a cylinder of the 
pure liquefied substance is fed to. the mask. At first the flow is kept 
small, but as respiration gradually deepens the amount of the gas is 
increased until at the end of two or three minutes a maximal or nearly 
maximal depth of breathing is developed. The stimulation is not, 
however, pushed to the point of increase of rate. This condition is 
maintained for fifteen or twenty minutes continuously. Then the <>as 
IS Shut off, and the patient is directed to lie quiet for ten minutes more 
so as to avoid the slight giddiness which occurs if he gets up immedi- 
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It is to be noted that the technic of this inhalation differs markedly 
from the use of a mixture of oxygen and 7 per cent carbon dioxide, 
which is best employed for resuscitation from asphyxia. The inhala- 
tion used on these heart cases is on the contrary essentially like that 
applied by Henderson, Haggard and Coburn, and by White after anes- 
thesia and operation. 3 A mixture of oxygen and carbon dioxide is 
rather expensive, and a cylinder of it is exhausted in a single inhala- 
tion; while on the contrary even a small cylinder of liquid carbon 
dioxide lasts for several -weeks of this treatment, so that its cost, 
aside from the control apparatus, is slight. But of course pure carbon 
dioxide should be used only with such an open mask that the small 
volume of the gas supplied is diluted by the patient’s breathing in the 
relatively large volume of the inspired air. 


Needle Valve. 



Fig. 1. — Apparatus for administration of inhalation of carbon dioxide with the in 
spired air. For description and use, see text. 


The essentials of the control apparatus employed are (a) an open 
mask, as above described, and (b) a device for the control of the flow 
of the gas to the mask, so that by no possibility can the patient re cone 
an excess; it must be fool proof. 

For this purpose a water manometer only 100 to 120 nun. long is so 
arranged that it not only serves as a gauge but also as a safety vahe, 
through which any excess supply of the gas blows off into the an 
without going to the mask. It is merely a straight glass tube, 5 nun. 
bore, which extends down for this distance below the surface of watci 
in a bottle, flask or test tube. Between this manometer and the tube 
leading to the mask is a hole of not more than 1 mm. diameter. Ihns 
the maximum volume of gas that can go to the mask is that vhich 
under a pressure of 100 to 120 mm. of water column will pass through 
a 1 mm. hole. The supply of gas to the manometer and to this mill*- 
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meter hole is controlled either by a finely adjustable needle valve, or 
better by a McCaa reducing valve and a needle valve, as shown m 
Fig. 1.* If only the needle valve is used, it has to be frequently re- 
adjusted by the person administering the inhalation. If the reducing 
valve is used also, the flow is so steady that an intelligent patient may 
manage the entire procedure for himself. This is a distinct advan- 
tage in a treatment which the patient may find it necessary to con- 
tinue one or more times a day for the remainder of his life, Foi the 
utmost that can be expected, or even hoped, in regard to such a dis- 
order as angina pectoris is not absolute cure, but a check upon the 
fundamental conditions, prevention of suffering and prolongation of 
life. 

The effects of this inhalation on the patients thus far treated, as yet 
only three in number and none with high arterial pressure, have been, 
in addition to the deeper respiration, as follows: There is a distinct 
improvement in the color and temperature of the lips and skin, previ- 
ously rather bloodless or bluish and cold, but becoming warm and pink 
under the influence of carbon dioxide upon the peripheral circulation. 
Arterial pressure and the pulse rate are not in appreciable degree in- 
creased, although a markedly fuller circulation is evident. The sen- 
sation of oppression in the chest, and the pain or “pins and needles” 
in the shoulder and arm is considerably decreased, and may cease alto- 
gether for some hours after the inhalation. After some weeks of daily 
inhalations the capacity to take such exercise as walking uphill is 
markedly increased, and the chief difficulty is to prevent the patient 
from overexerting his partially restored physical capacity. 

This is all that it seems justifiable to report in an initial communi- 
cation on a treatment which will certainly need far more evidence 
before it can be regarded as of proved general therapeutic value. The 
cases thus far treated have, however, appeared so much benefited and 
the teclmie here described appears to be so safe, that it seems best to 
put the matter on record, in order that others also may try it for a 
class of patients for whom there is otherwise little that can be done to 
relieve or even to delay the development of a peculiarly painful, anx- 
ious and hopeless form of invalidism, with an ever-present risk of 
sudden death from coronary thrombosis. 

Mention may also be made here of the effects of this inhalation 
upon two cases of intermittent claudication in the lower extremities. 
In both of these eases a marked improvement in the circulation of the 
ischemic limb was observed under the inhalation, and in one in which 
the treatment was continued for some weeks there was a distinct 
cumulative beneficial effect. These eases were studied particularly in 
^uMudief that if the pain in angina pectoris and that in intermittent 


42ml ^Street, 

ie reducing valve from the Mine Safety Appliances Company, Pittsburgh! a pa 
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claudication are due to similar local reactions, improvement in botli 
types of cases would tend to support the probability that in both the 
results are real and not imaginary, either in the patient or in the mind 
of him who has applied the treatment. 

THEORETICAL CONSIDERATION'S 

The general conception under which these observations were made 
was as follows: In a normal person muscular exertion induces no 
pain either in a limb or in the heart, for the reason that the blood sup- 
ply is sufficient to afford all the oxygen needed initially in the working 
parts. This supply of oxygen quickly converts a large part of the 
fatigue products, especially lactic acid, into carbon dioxide. The car- 
bon dioxide then induces a relaxation of the blood vessels and thus 
increases the blood supply to the working parts, both heart and limbs. 
This is the normal reaction to exercise. The healthy man takes a walk 
or plays an athletic game to improve the oxygenation of his tissues. 
Thus as Miescher 0 said forty -five years ago: “Carbon dioxide spreads 
its protecting wings over the oxygen supply of the body.” 

Quite different is the reaction in a person in wlxose heart or limbs 
the blood vessels are sclerotic or constantly contracted. The blood 
supply and therefore the oxygen supply are insufficient for the initial 
requirements of exertion. Lactic acid and other fatigue products ac- 
cumulate ; for in the absence of a large supply of oxygen they cannot 
be burned to carbon dioxide. They tend to induce a cramp of the 
musculature, cardiac or striated, in contrast to the influence of carbon 
dioxide which, as I long ago demonstrated experimentally on the 
heart, promotes relaxation . 0 To do effective work a muscle must be 
able to relax as well as to contract. From excess of lactic acid and 
local deficiency of carbon dioxide come the abnormal reaction to exer- 
cise, the ischemia and the cramp. 

If now a patient who is liable to such an abnormal reaction receives 
an inhalation of carbon dioxide, still a third form of reaction devel- 
ops. He experiences the benefits, without the disadvantages, of physi- 
cal exercise. He makes no exertion. His muscles are at rest, and his 
heart is put under no additional strain. There is no decrease of the 
oxygen supply to any part, but# rather an increase, for the carbon di- 
oxide inhaled induces a relaxation of the finer blood vessels, a moie 
ample heartbeat, and a fuller circulation. The balance of supply ;in( ^ 
demand for oxygen in the tissues is thus distinctly improved and the 
tendency to cramp is diminished. Furthermore as the treatment is 
repeated day after day the blood vessels and the heart muscle, undci 
the influence of an essentially normal pln’siologieal agent and an essen- 
tially normal reaction, gradually acquire and retain a state of de- 
creased habitual strain and more normal behavior. Along these lines 
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we may figure to ourselves why and how inhalations of carbon diox- 
ide may exert a beneficial effect both immediate and to some degree 

lasting. 

In support of this general conception mention may here be made 
also of the extraordinary observations which were reported by the hate 
Dr A. S. Loevenhart 1 " in which he found that inhalation of caibon 
dioxide administered to eases of catatonia caused a temporary resto- 
ration of mental responsiveness. The simplest explanation of the 
results in these cases is to postulate an habitual contraction of blood 
vessels in the brain of the catatonic patient and to assume that the 
influence of carbon dioxide upon these vessels is similar to that upon 
the peripheral circulation elsewhere in the body. The effects of over- 
breathing in inducing, and of oxygen and carbon dioxide in tempo- 
rarily inhibiting, fits in epileptics" are also suggestive of a similar 
conception. 

Finally 1 have pleasure in acknowledging my indebtedness to my 
colleague. Dr. George Blumer, for the opportunity to work on one of 
the cases here reported, and to Dr. Samuel (’. Harvey for two of the 
others. Investigations on the experimental side of this general prob- 
lem are now being published from Dr. Harvey's laboratory, and fur- 
ther investigations upon patients are to he conducted in the clinic 
here. 

CONCLUSION 


Daily inhalations of carbon dioxide appear to offer a possibility of 
considerable amelioration of the crippling effects and suffering in cases 
of angina pectoris and also of intermittent claudication. 
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A CASE OP PATENT DPCTPK ARTERIOSUS 'WITH PRIMARY 
BACTERIAL PULMONARY ENDARTERITIS 

W. IT. TumitbK axo Ratami M. Ijakskx 
NasiiviIjU-:, Tkn'.v. 
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ikjiw, utuut” niiipo sik> i nst iwpitiy pa i 
was a short remission after which she was form 1 
until her admission to the hospital in October. 

The past history revealed that she hud been a normal healthv child who was 
hie of the normal exertions of other children of her ago. At no time had she been 
eyanot.c dyspne.c, or edematous. She had not had rheumatie fever or ehorea 

The physical examination on admission revealed striking emaciation, pallor and 
feminized muscular weakness. Her temperature was 102° V and pulse rate P'O 

x. X : i ::r rr ih, r n " . < ™ «»* ;,;t„ ;l 

border in r'" " 1fS u ^ ,) !!K ! li{> cardiac measurements were as follows* Jeft 
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and there was a moderate number of moist r,i !>< 1 c ‘ ,ss,on ” f,h ' was impaired, 
was not palpable at this time She l». 1 V" T-* ' Tli e spleen 
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clinical and bacteriological, of subacute borne °T "T " ,afle "" tho «vi(lencc, both 
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Her course, as one would expect, was progressive, but she lived for six and a half 
months after her first admission or eight and a half months after the onset of her 
illness. During the last six and a half months of her life she whs admitted to this 
hospital three different times. During these periods she received a total of thirteen 
blood transfusions which brought about a transient relief from the symptoms of 
anemia. 

During the first admission she improved definitely. Although she gained eight 
pounds and was able to be up part of the time, the fever and tachycardia continued. 
The results of the second and third admissions were not so gratifying. Each time 
she was more anemic and responded less to transfusions. Blood cultures always con- 
tained streptococcus viridans. Late in the illness she began to show petechiae and 
hematuria, and the spleen became palpable. 



Fig. 1. — The anterior flap of the right ventricle has been turned back so that 
pulmonary artery is exposed in the upper left hand portion of the photogiapn. 
tached to the orifice of the ductus arteriosus approximately one centimeter iio 
normal thin pulmonary valves, is the huge vegetating thrombus which almost , p 

the pulmonary artery. The extensive overgrowth of this thrombus bj end ot! - 

obvious from the photograph. The depression immediately below the t jV'° n !!l„*,.]culiir 
sents tile aneurysm described at autopsy. In the lower portion of the e .. 
cavity the normal tricuspid valve is visible. The ventricular hypertrophj and 
are obvious. 


She was not frequently observed during the last month of her life and died at * 
home on April 17, 1030. During the last few days she developed anasaica, I 110 onnc 
anemia, and coma. 

Xotes of the post-mortem examination, which was restricted to the chest and 
removal of the heart, arc as follows: 

“The lungs are riddled with nodular, reddish, discolored areas, some of which aie 
fluctuant. A portion of the left lower lobe anterolaterally is widely adherent to 
chest wall by dense fibrous marginal adhesions and the underlying lung is fibrotic. 

“The heart weighs 200 gm. Both left and right ventricles are enlarged. 1 n 
pulmonic valve is entirely normal. The pulmonary arteries beyond the main 
cation are smaller than normal, measuring approximately 0.75 cm. in diameter. 



TRIMBLE AND LARSEN: 


PATENT DUCTUS ARTERIOSUS 


0 i)7 


• , i p«\ in lcii&tli and 

ductus arteriosus is widely patent and the pulmonary opening is 

0.5 cm. in diameter. The aortic opening- a* * yeg , tation lyi ng in the pul- 

closed by a large greenish-gray, friable, fi . « ^ This maSS of vege- 

monary artery and l ™'^mg ^ ie comp l e tely occludes the pulmonary artery 

I^n aneurysmal dilatation of the pulmonary artery 1 cm. 
diameter is present about 0.5 cm. heartwardfromtherenctu mm numerou8 

jsxs&zz ~ - * - - - 

iLlar wail measures 0.75 on. at its ape, and 1.25 cm. at the base. Its entity 
enlarged to twice its normal size. 



Fig. 2. — A "close up” photograph of the pulmonary artery and the ductus. Here 
again the huge vegetation is seen in the upper left hand portion of the (photograph. 
Immediately to its right the patent ductus, its lumen plugged by a portion of this 
thrombus, is visible. The apparent puckering of the intima of the ductus is a fixation 
phenomenon. 


“Microscopic botes: The superficial vessels of the epicardium are markedly con- 
gested and the tissues widely hemorrhagic. Extensive infiltration by polymorphonu- 
clear leucocytes along the trabeculae is evident. The myocardium of both ventricles 
is edematous. The muscle cells are large with hypertrophic nuclei, and of these some 
are fragmented. Focal microscopic areas occur throughout the substance of both 
ventricles in which the coronary arterial branches are thrombosed by hyalinized em- 
boli. In two of these thrombi coceoid bacteria are demonstrable. The surrounding 
muscle cells are hyalinized, eosinophilic, and together with adjacent interstitial tissue"’ 
markedly edematous, and infiltrated with polymorphonuclear leucocytes. The muscle 
celk at the periphery of these necrotic areas are swollen by myriads of fat vacuoles. 

‘ The pulmonic vegetation consists of a central core of fibrous tissue from the 
penp iery of which the thrombus is undergoing rapid organization. The vegetation 
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covering the central fibrous core consists of laminated fibrin bands heavily infiltrated 
with polymorphonuclear leucocytes and bordered by a massive zone of bacteria which 
extends in huge colonies into the depth of the thrombus. The bacteria are gram- 
positive streptococci. 

“ Anatomical diagnoses-. (1) Subacute bacterial endocarditis, viridans, affecting 
the pulmonary artery (ductus orifice) and mitral valve; (2) Congenital cardiac 
anomaly, patent ductus arteriosus; (3) Stricture of terminal pulmonary arteries; 
(4) Pyemia, subacute bacterial endocarditis (viridans) ; (5) Pulmonary infarcts, 
septic; (6) Myocarditis, focal, acute, septic emboli; (7) Cardiac hypertrophy and 
dilatation, biventricular. ’ ’ 

DISCUSSION 

Patency of the ductus arteriosus is not at. all rare, but there are 
extremely few eases in which the duct seems to he the original seat of 



Fig. 3.— The gross photograph of the left side of the heart. The pulmonary . 
and patent ductus are visible in the upper left hand field of the photograpi . . 

rather marked hypertrophy of the left ventricular wall is obvious in this pnoioi- 


a vegetative endarteritis. Hamilton and Abbott 1 in 1914 repotted 
such a case in a girl of 19 years. In their case the vegetations veie 
located around the pulmonary orifice of the duct. There were numer- 
ous embolic abscesses in both lungs, and pneumococci were found m 
blood culture, in the vegetations and in the embolic abscesses. Coarc 
tation of the aorta was also present. Selilaepfer 2 in 1926 repoited a 
case in a boy, aged S years, in which there was an organizing am 
acute arteritis of the pulmonary artery and ductus arteriosus vhi 
thrombotic occlusion of both the duct and the pulmonary bulb. There 
were multiple pulmonary and splenic infarcts, and the streptococcus 
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viridans was found in blood culture. Krzyszkowski 3 in 1902 reported 
a case in a female, aged 17 years, in which a vegetation was found on 
the wall of the pulmonary artery just above the pulmonary valves. 
There was an aneurysmal dilatation of the pulmonary artery opposite 
the orifice of the ductus arteriosus, and pulmonary infarcts were pres- 
ent. A bacteriological diagnosis in Krzyszkowslci ’s ease was not made. 
The literature of pulmonary endarteritis has been reviewed by Hamil- 
ton and Abbott 1 and by Schlaepfer. 2 In all there are nineteen cases of 
pulmonary endarteritis, but of these sixteen showed one or more 
valvular lesions in association with the pulmonary endarteritis. 


This case is one in which, although the pulmonary endarteritis is not 
the only cardiac lesion, the pulmonary artery can be shown to be the 



4 - T ew t,le l eft ventricular cavity. Extensive recent friaible thrombi 
ovlle Is viable ’above!’ 6 auricu,ai ‘ surface of the mitral valve. The closed foramen 


primary seat of disease. This is demonstrated by the absence of mitral 
murmurs at tlie time the patient had conclusive evidence of right sided 
bacterial endocarditis, the absence of peripheral embolic phenomena 
until late in the illness and the presence from the beginning of signs 
which were interpreted as pulmonary infarcts. In addition the patho- 
ogical study indicates that the pulmonary endarteritis was an older 
and more advanced lesion than the mitral lesion. 

The findings which led to the diagnosis of tlie pulmonary endar- 
teritis were: a continuous blowing murmur in tlie pulmonic area with 

a to HS ° { SySt ° liC pl,aSe ’’ “ l0 “ d I™ 1 " 10 ’™ second sound and 

the efft e “T "“j 3,1 extensioB ol tbo outline to 

left m the first and second interspaces which was shown both bv 
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percussion and x-ray examination; pulmonary infarcts without periph- 
eral emboli and the occurrence of Streptococcus viridans in blood 
cultures. 


SUMMARY 

A case of pulmonary endarteritis, with the vegetation superimposed 
upon the wall at the orifice of a patent ductus arteriosus, which was 
diagnosed clinically six and a half months before death and confirmed 
by autopsy, is reported. Although the mitral valve was also the site 
of vegetations, the pulmonary endarteritis is shown to be the primary 
lesion. 
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PERICARDIAL effusion of unknown etiology 

NECESSITATING- REPEATED PARACENTESIS* 

R. H. McDonald, M.D. 

Cleveland, Ohio 

CASE REPORT 

The wtfeut a tav nine years of age, ton. of Italian j.areatage in lj« 
United States. On Oetober 19, 1927, he was taught to the C'.n.e by 1"» pare , 
who stated that during the preceding month he had complainei ■ 

colicky pain in the stomach unaccompanied bv nausea or -counting. I 
movements had been perfectly regular, lie also complained that dining t ic prcuci 
ing two weeks he had been short of breath on exertion, and during tins period 
his mother had noted coldness of the extremities and a bluish discoloration of the 
lips and ears. Ilis appetite had been poor during the preceding month, and he 
had lost some weight. 

The patient's past illnesses included measles and occasional colds and sore 
throats. Tonsillectomy and adcnoidectomy were performed in 15>23. In the spring 
of 1927 the patient had two attacks of bronchitis, and in the opinion of his 
parents he had not regained his normal health since that time. 

Examination . — The patient was a moderately well-developed and well-nourished 
hoy four feet in height and weighing .71 pounds. The cars and the mucosa of 
the lips showed a marked cyanotic tint, and there was a mottled cyanotic dis- 
coloration of the skin of the chest, abdomen and lower extremities. The boy did 
not appear to he in distress and there was no increase in the respiratory rate. 
Ilis temperature was 98°, pulse rate 108, and blood pressure 00/04 mm. 

Examination of the chest revealed marked bulging on t lie left side rendering it 
asymmetrical. Respiratory movements were practically absent on this side, and 
there was dullness on percussion over the entire left chest, anteriorly, with the 
exception of the region superior to flic second costal cartilage, especially in the 
axillary area. Posteriorly there was marked diminution of resonance over the 
lower two-thirds of the left lung. Breath sounds were indistinct over the entire 
left lung and over the base of the right lung. No adventitious sounds were 
heard. The external limit of cardiac dullness in the left fifth interspace was 10.5 
cm. from the midline and 5.5 cm. in the right fourth interspace. The heart sounds 
were regular and rhythmical but very indistinct. There was a well-marked pulsus 
paradoxus. The edge of the liver was palpable two inches below the costal margin 
in the right midclavicular line. A small amount of free fluid was observed in the 
peritoneal cavity. There was no demonstrable enlargement of the spleen. 

A diagnosis of pericardial effusion was made, and in view of the evidence of 
pressure, aspiration was carried out through the left fourth interspace, one inch 
beyond the sternal margin. Approximately 1000 c.c. of a clear, slightlv amber 
fluid were removed without difficulty. By the time the aspiration was complete 
the cyanosis was gone, the liver edge was just palpable under the costal margin’ 
and the patient announced himself feeling well and hungry. He was put to bed' 

gaifroo C lT-f SalieylatCS - TW WCelra later tlie recurred, and 

nn3-t To , ■ Ve, ' e rCm ° VCd - Subsequently, over a period of one vear 
~ . CS fluul vaT T in K from 500 to 1800 c.c. were aspirated at intervals of 
* Pro m the Cleveland Clinic. 
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Fig. 1. — Roentgenogram showing :i cnse of marked pericardial effusion which obliterated the heart shadow. 
Fig. 2. — Roentgenogram of chest, showing pneumopericardium. Note the fluid level. 

Fig. 2. — Roentgenogram of chest taken six months after cessation of the effusion. 


MO DONALD : PERICARDIAL effusion* 


5(ifl 


i tr. .... , VPC >if S The effusion ceased in November, 1S)-S. All usj ’> i 

»vc tarih « «* w*-* >** « iri '- 

*• "7 r ,ua ! ££ 

blood cells numbered *,350,000, tl.c white blood cells 8,000, ami I « *«»B 

TlM . pimt The differential count showed 08 per cent of poUmoipiionnuu 
cells and 43* per cent of lymphocyte. Throughout the course of treatmen ther 
was little variation in these figures. The urine usually was normal, nlih p 
times it contained a trace of albumin. The blood Wassermnnn and Kal n tests 
were repeatedly negative, as were the von Pirqnct and intrnenianeous tubercu n 
tests. Roentgenograms of the chest on numerous occasions showed the t. ]» - 

picture of a large pericardial effusion. _ _ . 

The aspirated fluid was clear and straw-colored, and on standing showed a few 
strands of fibrin. The specific gravity of this fluid was 1.016 to 1.03S. It con- 
tained only from ten to twenty cells per cubic millimeter. These, were chiefly 
endothelial cells with an occasional lymphocyte. Repeated cultures on various 
types of media were invariably negative, with the exception of one tube in which 
an organism of the colon group was found, obviously a contamination. On ie- 
peated occasions guinea-pig inoculation was negative for tubercle bacilli. 

Course . — -Many types of medication were tried. The patient was placed in bed 
and kept there for four months, after which time he was allowed to be up ami 


take exercise in restricted amounts. He was given several toxic doses of salicylates 
and courses of Fowler’s solution without any obvious improvement being noted. 
Novnsurol was used on three occasions, after preparation with ammonium chloride, 
but aside from the fact that the interval between aspirations was increased 
by a few days, no benefit was noted. Generalized ultraviolet-light treatment was 
given and general supportive measures were instituted. A pneumopericardium was 
produced, 500 c.c. of air being introduced at- one time. This was absorbed entirely 
within five days. Restriction of fluids was attempted but the pericardial effusion 
persisted despite apparent dehydration. The suggestion that some irritating fluid 
be introduced into the pericardial cavity was advanced on several occasions, and 
finally after forty-four aspirations had been necessary, 10 c.c. of a one-per-cent 
aqueous solution of aniline gentian-violet was injected, as suggested by Dr. A. R. 
Barnes of The Mayo Clinic and others. Tn twenty-four hours this was followed 
by fever, the temperature vising to 102.5° and the pulse rate to 130. There were 
evidences of large deposits of fibrin within the pericardium, and the symptoms sub- 
sided in a week. Four subsequent aspirations were necessary, decreasing amounts 
of . flu ' a drawn. The last aspiration was performed four weeks after the 

injection of the gentian-violet solution. Examination of the fluid removed after 
tins injection proved it to he sterile and to contain a largo quantity of fibrin and 
numerous polymorphonuclear leucocytes, as well as many red blood cells 


RESULTS 

Tile striking feature of the ease was the complete change in the pa* 
Kent’s condition after the fluid had been removed bv mechanical 
means The formation of the fluid had been heralded by anorexia, 
lack of energy, a full feeling in the chest and abdomen, and frequently 
pam referred to the supraclavicular areas on each side. Paracentesis 
invariably gave immediate relief. During the year in which the pa- 
tient was treated he increased in height and gained in weiriit irre- 
spective of the variations caused by the accumulation of fluid After 
injection oj the g e„Wvi„ fc t solution he experienced 
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pain which was referred to the precordia but. more especially to the 
shoulder areas, chiefly on the left side. After the cessation of fluid 
formation there was some persistent hepatic enlargement which gradu- 
ally decreased until finally the liver returned to normal size. Cardiac 
examination now shows a normal-sized heart, with a regular, normal 
rate, and free from murmurs and evidences of synechiae pericardii. 
The patient is absolutely symptomless, and is living a normal life. 

COMMENT 

The etiological factor in the persistent pericardial effusion in this 
case can only he surmised. The absence of general constitutional re- 
action, the failure of specific drug - therapy and the negative results of 
bacteriological investigation as well as the favorable outcome render 
it unlikely that at any time was an organism actually present in the 
effusion. 

In the absence of any apparent cause it seems possible that the 
effusion was produced by some mechanical factor or pressure upon the 
inferior vena cava. Repeated studies by x-ray pictures failed to re- 
veal any tumor of the thorax, pericardium or. mediastinal structures, 
and the theory of a partial venous stasis in this locality cannot be con- 
firmed. Theoretically its location would have to be within the very 
short course of the intrapericardial or superdiaphragmatic portion oi 
the inferior vena cava. In experiments on animals Carl Rohde was 
unable to cause an effusion of pericardial fluid by placing stenosing 
ligatures on this vessel. 

SUMMARY 

A case of chronic pericardial effusion is presented which seems to 
be unique in the amount of fluid produced. The effusion probably was 
the result of some mechanical interference with the circulation oi 
blood in the inferior vena cava or with the absorption of pericardial 
fluid. A chemical inflammation of the pericardium apparently resulted 
in relief of the etiological factor. 

REFERENCE 

Rohde, Carl : Die Stauung dcr untercu Hohlvcne vor dem rechten Ilerzer and ihn 
Bedeutung im Krankheitsbilde der Pericarditis adhaesiva. Deutsche ztse ir. 
f. Chir. 203-204: 18-41, 1.027. 



paroxysmal cardiac pain in a patient WITH 

RHEUMATIC HEART DISEASE 

Henry S. Dunning, M.D. 

New York, N. Y. 

T) ARONY SMAL carcliae pain occnmng m patients vith UiemnaUc 
■E heart disease is infrequent. The ease here desen bed » that of a 
youn o. adult who has been a patient, ol the First Medical .Drwsi n 
h Ne e York Hospital and is reported, not only because ,t presents 
t — syndrome, but also lor the reason that the pan,, which 
was the first symptom of heart disease, has gamed increasing donn- 
nance over thirteen years of exhaustive treatment. 


CASE REPORT 


j. s., a female, aged 2G years, was admitted to the hospital for the sixth time 
on October 22, 1930. In her previous history there was measles at. the age o 
confinement to bed for a month a few years later with whooping-cough, chicken-pox 
at 9, and 5 weeks in bed with bronchitis at 11 years. The pain of which s ve 
complained on admission was first experienced 13 years before at the age of 13 
when, after jumping rope with playmates, she felt chilly, had no appetite for 
supper, and while relieving a thirst with water, was seised with a knife-like pain 
in the apical region of the preeordia and a rapid beating of tbc heart; these 
symptoms continued for about 2 hours. Then followed a period of a month in 
bed with fever and pain in all of the joints. She attended school for a year, at 
the end of which occurred a second attack similar to the first. For 5 years she was 
afflicted with seizures of precordial pain, varying both in frequency and duration, 
until at the age of 18 she entered the hospital, presenting fever, joint pain, ton- 
sillitis, and spontaneous preeordinl pain; the tonsils were removed. Two months 
later she was again admitted to the hospital because the pain was more frequent, 
especially at night. Rest in bed seemed to lengthen the intervals between the 
paroxysms. At about this time the pain first, began to radiate from the apical 
region of the preeordia to the right shoulder and entire right arm. Soon the at- 
tacks, occurring chiefly in the night, again became more frequent and necessitated 
a third period of rest in the hospital. After her discharge, fever and pain in 
the joints reappeared, the third invasion. The following year she again sought 
hospitalization and the rest in bed which had previously diminished the frequency 
and severity of the seizures. For the next four years she lived at home, attending 
the hospital out-patient clinic, and, with the exception of a few days during which 
her ankles were swollen and painful and of the continuous paroxysms of pain, she 
remained well. At the end of this period hospitalization was again required, for 
she was having intense pain at least 4 times a day. The pain at this time was so 
severe that it was finally decided to attempt to give relief by. blocking of the 
nerve roots The first to the eighth thoracic nerves on the left ’side were injected 
with alco hol by Dr. Swetlow,* and although after this procedure the attacks lessened 


thor^mc roots^he 0 firs^time^anc^tlie 1 flrst° second' 0 arid to , ft? ^onth left 

ganglia later. Following each slight diminution fr 1 I he ei S llth lef t thoracic 

were detected in the skin of the left thorax Affnn n t0 C0 1 tt ? n aml pin-point 
enophthalmos, and myosis of the left eye tn® , s ?? ona locking, ptosis, 

and objectively warmer than the right? thifKomenon^ ^remain^for'a 
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in their frequency and intensity, it is probable that rest in bed alone was re- 
sponsible for this result, as it had been before. If the blocking of the nerves had 
exerted any beneficial effect, it had disappeared 6 months subsequent, to the last in- 
jections, because at that time the seizures of cardiac pain had increased not onlv 
in severity, but also to the number of la to 20 in the 24 hours, the majority 
taking place at night. The foregoing is a sketch of the history previous to the 
patient’s sixth and most recent admission to the hospital. 

A description of the syndrome as it has occurred most recently will now be given, 
first from the subjective standpoint of the patient, and then from the objective 
point of view of the observer. Precipitating causes of the paroxysms are numerous 
and varied. Primarily there is muscular exertion, such as walking rapidly and 
climbing stairs. Second, there are sudden changes in temperature, as produced by 
a cold draft of air and the swallowing of cold water. Third are the emotional 
reactions, when “my insides take a sudden jump.” A knock on the door, a dis- 
agreement, an unpleasant dream, and exciting moving-pictures have all played 
their painful part. Finally there are those causes which we cannot name. Her 
field of activity, both physical and mental, is therefore greatly limited. The first 
sign of an attack is a sharp knife-like pain in the apical region of the precordia 
which radiates to the area of the third right intercostal space near the sternum and 
to the right shoulder and entire right arm. Shortly after the onset of the pain 
the heart pounds very rapidly. Accompanying these symptoms are a feeling of com- 
pression in the chest, shortness of breath, “lifelessness” of the right arm, weak- 
ness, dizziness, sweating, and great fatigue; after the seizure has spent itself the 
areas of pain remain sore. The patient believes that nitroglycerine and amyl 
■.nitrite, chiefly the latter, shorten somewhat the paroxysms, which last over periods 
varying from 3 minutes to 7 hours. The most promising form of treatment is 
prolonged rest in bed, which lessens both their frequency and their intensity. To 
the observer of these attacks the picture is one of a very pale young woman in a 
semirccumbent position in bed, arms limp at her sides, rolling frequently from side 
to side as if to shake off the pain which is clearly revealed in her face. There 
is rapid breathing and profuse perspiration. The neck bulges with each pulsation 
of the carotids and gives sufficient evidence of the tachycardia which is present, a 
rise of 48 beats to the minute above the normal in one instance. Blood-pressure 
determinations reveal an increase of tension, a rise of 30 points in the systolic, 
pressure above the normal on one occasion, with no alteration in the diastolic. 
An electrocardiographic tracing taken during a seizure demonstrates a sinus 
tachycardia of 116 per minute, and a P-R interval prolonged to 0.22 seconds. There 
is a large Q-wave in Lead III and the T-wavc is diphasic in Lead I. Another 
record obtained immediately after the subsidence of the paroxysm discloses fre- 
quent premature ventricular contractions and an inverted T-wavc in Lead I. 

Physical examination reveals a young adult female, Irish in origin, of excellent 
development and nutrition, pale of skin and lips, preferring the semirccumbent 
position in bed, but not orthopneie, throbbing slightly with each heartbeat, breath- 
ing quietly, with normal temperature, and not appearing ill, but showing in her 
lace and mental attitude a resignation to a life of pain. The tissues over the carotids 
pulsate violently with the arteries. A heaving impulse may be seen and felt oicr 
almost the entire left chest, but no shocks or thrills can be detected. On ausculta- 
tion over the precordia one hears in the region of the apex two murmurs: the 
first, entirely replacing the first heart sound, is of moderate intensity, blowing m 
quality, of moderate duration, and systolic in time; the second murmur is ot 
moderate intensity, rumbling in quality, of short duration, and presystolic in tunc. 
Over the base are heard two murmurs: the first, most distinct in the first right 
intercostal / space near the sternum and transmitted upward into the neck, is of 
loud intensity, rumbling in qualify, of long duration, and systolic in time; the sec- 
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oml murmur, most distinct in the second left intercostal s,mce near the stern::... 
juul entirety replacing the second heart, sound, is of loud intensity, blowing m 
quality, of moderate duration, and diastolic, in time. The nvcruf-c resting rate 
of the heart is S-t per minute and the rhythm regular, but subject to prematuri 
ventricular contractions. An x-ray plate of the thorax reveals an enlarged heart, 
tho greatest width to the left of the midline being I1.S ein. and to the right t..> cm.. 
the internal transverse diameter of the chest measuring 2.>.;> mi. bales mu' be 
detected occasionally over the lung bases, ihe liver cannot be felt. 1 here is ,i 
Corrigan pulse, n capillary pulse, and a pistol-shot sound on auscultation over the 
femoral artery. Blood-pressure readings taken in the absence of pain average t'< > 
systolic and 51 diastolic. Edema lias never been observed in the entire course of 
her illness. Electrocardiograms taken at periods when there was no pain show 
normal sinus rhythm, a wide and large P-wn ve, a wide and notched Q1?S group, 
inversion of the T-wavc in Lead T, and a P-R interval prolonged to (1. 22-0.21 sec- 
onds. These abnormal physical findings lead to the following diagnosis; 

A (etiological). Rheumatic fever, inactive. 

IB (anatomical). Enlargement of the heart; cardiac valvular disease, aortic in- 
sufficiency and stenosis, mitral insufficiency and stenosis. 

C (physiological). Regular sinus rhythm interrupted by periods of premature 
ventricular contractions and paroxysmal tachycardia; auriculovenlricnlar partial 
heart-block; hypertension; anginal syndrome. 

D (functional capacity). 2 b . 

Ot outstanding significance in 1 his case of rheumatic heart, disease is 
its most prominent symptom— ^paroxysmal cardiac pain, which not only 
marked the onset, of Hie disease, hut also has persisted ivilh increas- 
ing- vigor for thirteen years against a formidable array of procedures 
comprising the removal of focal infection, rest, nerve blocking, digi- 
talis, quinidine, salicylates, analgesics, sedatives, antispasmodies, and 
vasodilators. 
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ACQUIRED RHEUMATIC PULMONIC STENOSIS AND 

INSUFFICIENCY* 

Sidney P. Schwartz, M.D. 

New York, N. Y. 
and 

David Shelling, M.D. 

Baltimore, Md. 

A CQUIRED rheumatic lesions of the pulmonary artery of sufficient 
l severity to give clinical signs are very uncommon. There are 
exceedingly few cases reported in the literature where a diagnosis 
was suspected during the life of the patient and proved at autopsy. 1 ' 3 
The following case is of particular interest, not only because of its 
unusual clinical manifestations, but also because of the typical radi- 
ographic findings associated with insufficiency of the pulmonary 
arteiy . 4 

REPORT OF CASE 

M. R., a female, aged 22 years, was admitted to the Montefiore Hospital on 
April 29, 1928, and died on May 5, 1928. Her chief complaints were severe dyspnea, 
palpitation of the heart and swelling of the abdomen and lower extremities. 

Previous Illness . — The patient became ill for the first time in Januarj, 19-1, 
and remained in bed for the next four weeks because of “inflammation of the 
lungs.” She returned to work the following summer but was unable to walk. She 
became easily fatigued and unable to climb a single flight of stairs without stop 
ping several times in order to “catch her breath.” She entered the Bellcuic IIos 
pital where she remained at first, for three months, and during the subsequent two 
years she had to be readmitted to this institution on five separate occasions be 
cause of recurrent symptoms of shortness of breath, palpitation of the heart, pre 
cordial pain and swelling of the lower extremities. 

In May, 1921, on her second admission to Bellevue Hospital, the patient sufrerec 
a hemiplegia. At that time, physical examination revealed a fairly nourished am 
fairly well developed young woman who was extremely short of breath. She showet 
a complete hemiplegia of the right, side of the body. Her checks, lips and cars 
were very cyanotic. The superficial vessels of the neck were distended. There nas 
marked pulsation of the carotid vessels. The heart was enlarged downwards am . 
the left, the apical impulse being in the fifth intercostal space in the anterior 
axillary line. In the second intercostal space, the left border of the heart percusse ^ 
G cm. to the left of the midsternal line. There were a loud systolic am ong 
rumbling diastolic murmur both best heard over the fifth intercostal space near 
midclavicular line. A prolonged, loud diastolic murmur was audible o\cr the secon 
intercostal space to the left of the sternum. The murmur was well loca me 
this region but could also be heard distinctly over the upper left chest posterior. ^ 
The pulses were equal and regular. The blood pressure was 120/80 mm. The m g-^ 
were clear, the liver edge was palpable two fingers below the costal margin, 
was marked swelling of the lower extremities. 

•From the Medical Division of the Montefiore Hospital for Chronic Diseases, New 
York City. 
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Corrigan pulse. 


n low diastolic Wood pressure and rnpHIa . . 

of iniimonary ilisnffieionoy was ma.lo al tl.i, ti»,o in mlililion to tbe evnlcnl atom, mo 

and insufficiency of tlie mitral valve. , .. . 11 . 

With adequate rest and (he judicious use of diuretics, the patient n as aide 
leave the hospital in a fair condition within four weeks after admission. Houser, 
within the next few months, she became progressively worse and because of he 
extreme shortness of breath and palpitation of the heart, she had to be, readmitted 
to this institution several times in the succeeding two years. That was ,n _ 3 * 

The patient remained at. home, from 1921 to 1027. In the winter of 1P_<, s id 
entered the Jewish Hospital of Brooklyn in a very critical condition. In the two 
or three weeks prior to her admission to that institution she was having dizzy 
spells, vomiting, headaches, and a progressive increase in the swelling of tho legs 
and ankles. 

On examination, she was found to he extremely dvspneie and orthopnoic nnd 
showed signs of dropsical effusion in the abdominal cavity with marked generalized 
swelling of practically the entire body. Her heart rhythm was totally irregular, 
and averaged 120 beats per minute, there being a pulse deficit of 28. The liver 
was now at the level of the umbilicus and was pulsating. The unusual clinical 
features were the wide areas of pulsation in the second and third intercostal spares 
to the left of the sternum. In this region, the left border of the heart, percussed 
near the anterior axillary line. A short, rough systolic thrill with a sharp diastolic 
shock could he felt over tho second intercostal space near the inidclavieular line. 
The apex of the heart presented a loud systolic murmur and a short rough rumbling 
diastolic, murmur. 

The x-rav film of the chest taken on January 111, 1027, revealed the heart shadow 
to he somewhat pyramidal in contour, with a rounded apex, and decidedly broadened 
interiorly with displacement towards the left. The findings were considered atypical, 
and from the radiograms alone it was impossible to diagnose the type of valvular 
defect. The lung fields were clear with the exception of tho right base which 
presented slightly increased markings and change in appearance when the patient 
was in the erect posture as compared with the prone position, suggesting the 
presence of a small amount of fluid, t 

Because of the unusual clinical findings with fhc marked enlargement and pul- 
sation of the heart in tho second intercostal space, in (he absence of large quantities 
of fluid m the right pleural cavity, a diagnosis was ventured of aneurysm of the 
pulmonary artery associated with chronic valvular heart disease of the mitral orifice, 
complicated by a relative tricuspid insufficiency. 

Between her discharge from the Jewish Hospital of Brooklyn and her admission 
to the Montefioro Hospital, the patient had one paracentesis ahdominalis. 

ijsica examination at the Montefioro Hospital on April 29, 1928, revealed an 

showed ^ C ,VSPUCie a,Ul 0rtl,0pilCie ymm £ wom »» "'ho was acutelv ill. Her face 

a^ f e f S ,:r:r s - in M ^ t,ic ^ J Js 

"•ere « * Zola TZtZZT ^ ^ 

There was a slight If ’ ' sl ' owlJ, S a ventricular form of venous pulse, 

o ft ZZt ha f o fllT 7 t,G a,,tCr5 ° r l0ft Skle ° f i,lc «*«* with bulging 
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prccordial heave with a diffuse pulsating wave from the third to the fifth intercostal 
spaces. This part of the chest was painful to touch. The area of cardiac dullness 
was enormously enlarged to the left reaching the anterior axillary line in the sec- 
ond and third left, intercostal spaces. A marked systolic pulsation over the second 
intercostal space extended 12 cm. to the left of the midsternal line. Over 
this region but nearer to the sternum, there was a marked systolic thrill felt best 
with the patient in a sitting posture and leaning slightly forward and to the left. 

The apical region of the heart presented a loud systolic and a short, rough, 
rumbling diastolic murmur, while the basal region of the heart on the left side in 
the second intercostal space revealed a short, rough systolic murmur with a loud 
prolonged diastolic murmur. P, was not audible. The heart rate was totally ir- 
regular, and there was clinical and graphic evidence of auricular fibrillation. Both 
pleural cavities revealed the presence of small quantities of fluid. The liver edge 
was at the level of the right iliac crest, and the legs were extremely swollen. There 
was a small quantity of fluid in the abdominal cavity. 



Fig. 1. — Roentgen-ray examination of the chest on admission to the Monteflore Hos- 
pital revealed a moderate amount of fluid in the right pleural cavity. The heart was 
enlarged and rotated so that the aortic knob was not visible in the anteroposterior 
position. There was an unusual dilatation of the pulmonic artery which formed the 
first curve on the left side of the heart shadow. 

Roentgen-ray examination of the chest revealed the heart shadow to be pushed 
over to the left by a small effusion in the right pleural cavity. (Fig. 1.) ^ 1C 

heart was enlarged and was rotated so that in the anteroposterior position the 
aortic shadow was not visible. The first curve of the left border of the heart was 
formed by a markedly dilated and prominent pulmonic artery. The unusual dilata- 
tion and pulsation of the pulmonic artery were best seen in the right oblique 
position. In this plane the left auricle was seen to be extremely dilated and to 
encroach upon the retrocardiac space. The angle at the bifurcation of the trachea 
was straightened out. The aortic shadow was barely visible. Both the right and 
left ventricles were enlarged, but no roentgenographic evidences of pericardia! ef- 
fusion could be made out. 

The electrocardiogram revealed good voltage with • a right ventricular predom- 
inance and auricular fibrillation. (Fig. 2.) 
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The cultures of all the tluids were stenle. 

The pulsations previously observed in the second and third intercostal spaces 
became more prominent, each syst.de result it. - «» “«■* *lfvclopnu*nl of a •''uJ 
aneurysmal bnlpc in these intercostal spaces that extended from the le.t border of 
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ie sternum to the axillary region. The systolic thrill over this region \va 
vougber and more pronounced. Roth the systolic and diastolic murmurs hear, 
over this area were now very loud, the former being verv rough and the latte 
softer n. quality and occupying all of diastole. Roth of these thrills and murmur 
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at all in the anteroposterior position. There was an increase in the size of the 
pulmonic artery as compared with the previous plate. 

On May 5, 192S, at about 6 P.Jr., the patient became very listless anil sliortlv 
thereafter, comatose. She died at 2 a.m. of that day. A post-mortem pericardial 
tap at the level of the third intercostal space 4 cm. to the left of the sternum 
yielded only 40 c.c. of slightly turbid yellowish fluid. 

Autopsy Findings . — The autopsy was performed by Dr. Bernard Scligman six 
and a half hours post-mortem. 

A post-mortem radiographic examination of the chest with the body in a sitting 
posture revealed the presence of small quantities of air in both pleural cavities. 
The main bulge of the heart extending on the left upper border from the third 
intercostal space to the clavicle was well defined and recognized as a largely dilated 
pulmonic artery. 

The incision was unfortunately limited so that it was impossible to correlate 
exactly the position of the heart in siiu with the radiographic findings. 

Tiie heart weighed GOO gm. 

The parietal pericardium was free from the surrounding tissues. The visceral 
surface of the pericardium over the right auricle was thickened and covered for a 
distance of about 2x1 cm. by fresh fibrinous exudate. There were no adhesions 
between the visceral layer of the pericardium and the heard. 

The cavity of the right auricle was markedly enlarged. Its trabeculae carneae 
were prominent and hypertrophied, and its endocardial surface was smooth through- 
out. The thickness of the wall was from 1 to 1.5 mm. 

The cavity of the left auricular appendage was about five times the normal size 
and contained several thrombi. 

The cavity of the left auricle was markedly enlarged. Its endocardial surface 
was smooth and glistening but of a grayish color. There were a few small, 
slightly raised, yellowish white areas near the mitral surface. Its wall was thick- 
ened and measured 2 mm. 

The cavity of the left ventricle was markedly dilated, and its wall, measured 1 cm. 
at the apex and 2 cm. near the papillary muscle. The papillary muscles were 
markedly hypertrophied and covered by a white, smooth, glistening surface. The 
chordae tendineae were of a pearly white color and remarkably thickened, shortened 
and fused. 

The cavity of the right ventricle was tremendously dilated. Its endocardial sur- 
face was smooth and glistening. Its wall measured 5 mm. in the region of the 
pulmonic conus, and 3 mm. in the region of the tricuspid ring. Its endocardial 
surface near the pulmonary orifice in the region of the right posterior cusp presented 
a thickened, pearly white area measuring 1 cm. in diameter with a crescentic superior 
surface appearing as a redundant fold fusing with the under surface of the cusp. 

The pulmonic ring was markedly dilated and measured 7.75 cm. (Big. 3.) 

The left posterior and anterior cusps of the pulmonary valve were fused to- 
gether on their contiguous borders. For a short distance in this region, there were 
two distinct folds of the valve margins which were not in any way different in 
consistency from the remainder of the valves. These presented a small triangular 
depression between them. The two margins of the valve were fused near the inser- 
tion of the cusps. The free borders of the cusps were thickened and rolled in- 
wardly but showed no vegetations. 

The free border of the right posterior cusp presented almost in its entirety a 
large, thick firm mass of agglutinated calcified nodules which were contiguous with 
a similar area of a large and uniformly hardened nodule on the endocardial surface 
of the right ventricle adjacent to them. On section, these were sclerotic, calcified, 
grayish yellow in color and extended to the base of the cusp almost obliterating 
the entire sinus, (Fig. 4.) 
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The pulmonary artery above the pulmonary valve was wider than the pulmonic 
ring, measuring in this region S.75 cm. Its surface presented few small, soft, 
raised, yellowish plaques. 

The mitral valve admitted the tips of two fingers. The free borders of both 
leaflets were markedly thickened, rolled inwardly and white in color and on the 
atrial surface showed marked indentations which felt very hard and were sclerotic. 
Both leaflets presented numerous small fresh vegetations which were conglomerant 
and in part calcified. Throughout the entire aortic leaflet of the mitral valve, but 
particularly nearer the mitral ring, there was a small area measuring 2 cm. x 2.5 
cm. of a firm calcified mass which was thickened over a distance of about 4.5 cm. 
In one area the endocardium was denuded and exposed this translucent material. 
The outer leaflet showed thickening and was pearly white in color. 

The tricuspid orifice was moderately dilated. The valves were thin and pearly 
white in color and the thin free edges were slightly thickened and rolled inwards. 
The ring measured 10.5 cm. 

The aortic ring measured 6 cm. The cusps were well preserved and thin. There 
were no vegetations present. None of the leaflets were thickened. 

The aorta showed a few small, soft, raised, yellowish plaques. 

The coronary vessels were slightly tliiekened and showed raised, diffuse, confluent, 
small yellowish plaques. 

DISCUSSION 

Tlie interesting lesion in this patient as revealed by the autopsy 
findings, in addition to the evident mitral and tricuspid lesions, is an 
acquired rheumatic valvulitis superimposed on a malformation of the 
pulmonic valves which in this case consisted of absence of one of the 
pulmonic leaflets. This underlying congenital malformation may ex- 
plain the unusual dilatation of the pulmonic artery for so long a 
period since the first diagnosis of pulmonic insufficiency was made 
seven years prior to her death ; for it is well known that such 
congenital defects of this artery may produce an insufficiency of the 
valves even in the absence of any acquired disease.' It is very likely, 
in view of the rarity of acquired rheumatic lesions of the pulmonic 
artery, that the congenital malformations were responsible in part 
for the localization of tlie rheumatic virus on the pulmonic leaflets. 

The characteristic roentgen-ray picture of pulmonic insufficiency, 
as described by one of us 4 in a previous communication, was of great 
help in the diagnosis of that particular lesion whereas the stenosis of 
the valves was suspected solely from the clinical evidences which in 
the main were the rough systolic thrill and localized murmurs in the 
region of the second intercostal space to the left of the sternum. 

REFERENCES 

1. Paul, C.: Du retrecissement de l’artere pulmonaire contractee apres la nais- 

sanee. Union Med. 3: Sec. 12, 1S71. 

2. Rinsema. Th.: Ein Fall von acquirirfcr Stcnose des Ostium Pulmonale. Deutsches 

Arch. f. klin. Med. 24: 216, 1SS4. 

3. Gcrhardt. D.: Ueber Sclilussunfahigkeif der Lungenarferienklappen. Chnrito 

Ann. 1: 92. 1SP2. 

4. Schwartz. S. P.: The Radiographic Signs of Pulmonic Insufficiency. Asf. HEART 

J. 2: 407, 1927. 

5. Grawitz, E.: Zwei seltne Fallc von Inkontinenz des Ostiums Pulmonale bcdmget 

durch Felder cines Klappenscgels. Vi rchows Arch. f. path. Anat. 110. 
426, 1SS7. 



Department of Reviews and Abstracts 


Selected Abstracts 


Gross, Louis, Antopo), William, and Sacks, Benjamin: A Standardized Procedure 
Suggested for Microscopic Studies on the Heart. Arch. Path. 10: S10, 1030. 

The authors have developed a procedure for cutting blocks of heart muscle 
tissue which show a maximum number of lesions in a minimum number of 
blocks. The six blocks include the four valves, the four valve rings, the pericar- 
dium of the left and right sides, the heart, the left and right auricles, the 
myocardium of the left ventricle, right ventricle, interventricular septum’ and 
left posterior papillary muscle; the bases of the aorta and pulmonary artery; 
the pericardial wedges abutting against the valve rings; the neuromuscular bundle, 
and the coronary sinus. 

It is pointed out that the myocardium in practically every section is taken 
irom a site where the vessels can be considered end vessels. It is proliablv for 
tins reason that early vascular changes and their results are, so frequentlv ob- 
s nec m these sections, and that inflammatory lesions, which nmv possibly owe 
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The number of enlarged hearts of different degrees -was practically the same 
in both toxic aud nontoxic goiter. 

The authors conclude that if hyperthyroidism causes cardiac enlargement or 
hypertrophy and dilatation, it is slight. 

Cotton, Thomas F.: The Treatment of Mitral Disease in Children. Brit. it. J. 

1: 4S1, in;u. 

The author has selected the first one hundred boys admitted to a convalescent 
cardiac home in the years 1019 to 1922 with rheumatic heart disease. The after 
histories of all but six of these have been obtained after seven years in one group 
and eight years in another. All have had rheumatism or chorea and all but two 
have had signs of a rheumatic infection of the heart. Fifty-seven were diagnosed 
as having mitral disease, twenty -three mitral stenosis, fourteen mitral stenosis and 
aortic regurgitation and four had aortic regurgitation alone. 

The author believes that mitral disease in children is probably always associated 
with a rheumatic invasion of the myocardium and is evidence of carditis. At the 
end of seven years, 17 or 29 per cent were dead. Fifteen of those with mitral 
stenosis or 65 per cent were dead after 8 years. In the smallest group there were 
14 cases of mitral stenosis and aortic regurgitation, six of whom were dead after 
8 years. 

From a study of this group it seems permissible to state that the prognosis in 
children with mitral stenosis over a period of eight years who have had careful 
treatment in a special convalescent home is a grave one. They raise the question of 
this form of treatment in mitral stenosis and whether it is worth while treating 
such cases in a special convalescent home. 

The treatment of children with chronic rheumatism is unsatisfactory when they 
belong to the poorer classes. On leaving the convalescent home where they have 
been more or less protected against reinfection they return to unhealthy homes and 
are again exposed to rheumatic and other infections which cause more damage to the 
heart muscle and valves. The children of well-to-do persons arc better protected 
against the ravages of rheumatism for they have home surroundings in which they 
can live, grow up and be educated under conditions which are comparable to those 
which exist in a special convalescent home. The prognosis is more favorable in 
these children because the disease is likely to be recognized in its early stages and 
suitable treatment given at a time when it is possible to prevent the development 
of progressive changes leading to a serious cardiac disability. 

Slater, Solomon R.: The Involvement of the Coronary Arteries in Acute Rheu- 
matic Fever. Am. J. hi. Sc. 181: 203, 1931. 

Three cases of adults with acute rheumatic fever arc cited in detail which showed 
electrocardiographic evidence of coronary arterial involvement. The diagnosis of 
acute coronary closure was also suggested strongly by the symptoms of collapse, 
pericardial friction rub, leueocvtosis and fever. It seemed that in all three cases 
the endocardium received practically none of the brunt of the attack of the 
rheumatic virus. All three patients recovered. 

It is emphasized that during an acute rheumatic infection any blood vessel, 
large or small may possibly be involved and that those of the heart may likewise 
be involved; that when the larger coronary branches are affected under certain 
circumstances it may be sufficient to encroach so upon the lumen as to occlude it; 
or a thrombus may occur secondarily producing a closure. When the closure 
occurs, the patients experience excruciating pains indicative of the lesion. 
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Parsonnet, Aaron E-, and Hyman, Albert S.: 
cardiograph* Study of This Phenomenon in 
M. A. 96: 1124, 1931. 


Heart Sound Failure. A Phono- 
Acute Coronary Occlusion. J. A. 


In a series of fourteen cases of acute coronary thrombosis in which heart sound 
faiL Ml been a conspicuous feature, graphic methods of study have 
p toyed. In eleven of these there have been uniform phonocardiographxc alter ation 
in the sounds. The authors believe that heart sound failure may be legnic ec as 
of the pathognomonic signs of coronary thrombosis and when the diagnosis i 
rendered uncertain by the predominance of symptoms apparently arising from 
other sources, the discovery and recognition of this characteristic impairment of 
tone quality may go far to clear up the problem at hand. 


Proger, Samuel H.: The Electrocardiogram in Obesity. Arch. Int. Med. 47: (14, 
1931. 

The electrocardiogram of the obese person with an apparently normal heart in a 
large percentage of cases shows left axis deviation, flattening or inversion of the 
P-wave; inversion of T-wave in Lead III. In those cases in which the heart ap- 
pears to be normal there are no significant changes in the T-wave in Leads I and 
II, regardless of the extent of the axis deviation. Left axis deviation due to 
change in position is usually associated with inversion of the T-wave in Lead III, 
whereas left axis deviation owing to relative left ventricular hypertrophy is com- 
monly associated with an erect T-wave in Lead III. 

Cases of obesity without other organic disease show approximately the same 
incidence and extent of left axis deviation as cases of obesity complicated by 
hypertension and cardiac enlargement. Axis deviation in electrocardiogram of the 
obese patient is of no value as an aid in the diagnosis of relative ventricular 
hypertrophy. 

There appears to be a general relationship between the anatomic angle of the 
heart as measured on the orthodiagram and the electrical angle as calculated from 
the electrocardiogram. 

Factors such as age, sex, duration and percentage of overweight beyond 25 per 
cent seem to have no definite relation to changes in the electrocardiogram. 


Hill, Ian G. W.: Bundle Branch Block. Quart. J. Med. 23: 15, 1930. 

Forty-one cases of bundle branch block with clinical findings are recorded. A 
diagnosis of this condition by means of physical signs alone is not feasible. No 
demonstrable change in the ventricular complexes could he produced bv therapeutic 
noses of a tropin and digitalis. 

The right branch of the bundle was traced by serial sections in two cases which 
mmng life showed the features of right bundle branch block. In both, and in one 
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Beresford, E. H., and Earl, C. J. C.: Spontaneous Cardiac Rupture. A Review 

of Forty-Six Cases. Quart. J. Med. 23: 55, 1930. 

Forty-six cases of spontaneous cardiac rupture are reviewed and discussed. 
Recent acute infarction of the heart is considered to be almost invariably the under- 
lying cause. 

The incidence in this group increased with advancing years, the highest figure 
being reached in the eighth decade. In this group of cases after making allow- 
ances for errors in grouping, the cases occurred in the ratio of about four females 
to one man. This opposes the view determined from previous similar series of 
cases. The frequent association of insanity with cardiac rupture is remarkable. 

Mechanism of the rupture is discussed and the importance of excessive fat, 
of softening and of hemorrhage as factors is emphasized. 

Stewart, Sloan G.: Problems of Cardiac Disease Associated with Urinary Reten- 
tion. Am. J. M. Sc. 181: 362, 1931. 

There is a group of cases in which lower urinary tract obstruction and evidences 
of cardiac disease are commonly associated. That this may be of primary im- 
portance, from a therapeutic standpoint, is illustrated by clinical reports of two 
cases. The need of adequate urological histories and examinations in the medical 
studies on all male patients is emphasized. A brief statistical review of forty 
cardiac cases with prostatie obstruction reveals cardiac arrhythmias in a large 
percentage of cases and widespread arteriosclerosis and coronary sclerosis of an 
unusually advanced type. Two cases are reported of myocardial failure refractory 
to rest and digitalis in which bladder retention without obstruction was discovered. 
The results of constant bladder drainage as a therapeutic measure are discussed. 
The determination of prognosis of these cases and the evaluation of infection as a 
complication of catheter drainage are difficult problems which are briefly presented. 

Andersen, Maine C.: Paroxysmal Ventricular Tachycardia. Am. J. M. Sc. 181: 

3G9, 1931. 

A case of paroxysmal ventricular tachycardia in which there was no evidence of 
serious heart disease is reported with electrocardiographic records. The author be- 
lieves that the slight displacement in the auriculoventricular rhythm in paroxysmal 
ventricular tachycardia is sufficient to cause the cyclic accentuation of the first 
sound at the apex. 

It is suggested that in paroxysmal ventricular tachycardia occurring in an in- 
dividual — not the subject of demonstrable heart disease — there is not only an in- 
herited sensitive nervous system but also an inherited cardiac neuromuscular aberra- 
tion. 

Parkinson, John, and Campbell, Maurice: Paroxysmal Auricular Fibrillation. 

Quart. J. Med. 23: 67, 1930. 

This paper is based on the notes of 200 patients who had paroxysms of 
auricular fibrillation. It is believed that the cases can be divided into three groups; 
one, typical recurrent paroxysms which form more than one-half of the cases in 
this group; two, a few paroxysms preceding the onset of established fibrillation; 
three, single or very occasional paroxysms often of longer duration seen in the case 
of congestive heart failure, after coronary thrombosis, with infections such as 
pneumonia or with no apparent cause. 

During the immediate attack, the prognosis is excellent but if the attack lasts 
more than several days permanent fibrillation becomes much more likely and after 
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Master, Arthur M.: Low Voltage T-Waves in the Electrocardiogram. Am. .T, M. 

Se. 181: 211, 1931. 

In 107 patients a study was made of low voltage T-wavcs in which the amplitude 
in any lead was not more than 1 nun. In 12 patients that wore examined post- 
mortem all showed definite myocardial or pericardial damage. Another group of - 
patients died but no autopsy was performed. Eleven died with typical myoenn m 
failure and 1 of pulmonary tuberculosis. 

Altogether, there were 89 hospital patients with flat T-wavcs, the mortality among 
those with degenerative cardiovascular disease was at least. 44 per cent, during the 
course of a three to four years’ investigation. 


Acute rheumatic infection of the myocardium or pericardium often produces a 
flat T-wave aud in the progression of the disease the T-wavc may become inverted 
or if the patient recovers, it will become upright. The rheumatic cardiac patient 
with a flat T-wave is acutely ill and is probably always a bed patient. The so- 
called coronary T-wave or cove-plane T-wave that is customarily associated with 
coronary artery occlusion may appear in a patient with rheumatic pericarditis. 
Suggestive evidence is presented that pericarditis alone without disease of the 
underlying myocardium, may cause a flat T-wave. When a flat T-wave appears in 
the course of other diseases it. seems to indicate a very severe form of illness. 
These T-waves are practically always transitory becoming inverted as the myocardial 
or pericardial damage spreads and increasing in amplitude oil cure or improvement. 


Parkinson, John, and Bedford, D. Evan: Electrocardiographic Changes During 

Brief Attacks of Angina Pectoris. Lancet 1: 15, 15)31. 

In 5 patients with attacks of angina pectoris electrocardiograms taken during 
short paroxysms show definite and transitory changes in the ventricular deflections. 
There was a depression of R-T and a diminution in the amplitude or inversion of 
the T-waves in one or more leads, changes closely resembling though not so pro- 
nounced as those which follow cardiac infarction in the early stages. It is surelv 
significant that both transient anginal pain and cardiac infarction can affect, the 
electrocardiogram in a similar manner; and it scans reasonable to infer that the 
mechanism underlying this electrocardiographic change is essentially the same in 
both cases— an ischemia of a part of the cardiac muscle. 

The authors do not suppose that the electrocardiogram is always modified during 
short anginal attacks but their evidence suggests that it is modified in a proportion 
of cases. 1 1 


Levy, Robert L.: Mild Forms of Coronary Thrombosis 
1, 1931. 


Arch. Int. Med. 47: 
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It is believed that this condition frequently is not recognized because of the 
atypical clinical picture. Although a rapid rate of recovery tends to indicate a 
favorable outcome of the immediate- attack, accurate prognosis as to the liability 
to recurrence and life expectancy is extremely difficult. 

Wood, Francis C., and Wolferth, Charles C.: Angina Pectoris. The Clinical and 

Electrocardiographic Phenomena of the Attack and Their Comparison "with the 

Effects of Experimental Temporary Coronary Occlusion. Arch. Int. Med. 47: 

335), 1931. 

Thirty cases of angina pectoris were studied eleetrocardiographically before, 
during and after their attacks. Fifteen showed temporary ventricular complex 
changes during the pain, which probably cannot be explained by the exercise which 
produced the attacks nor by the changes in blood pressure and pulse rate which 
accompanied them. The remaining fifteen showed no specific electrocardiographic 
changes during their attacks. The severity of the pain did not seem to be the 
main factor that determined the presence or absence of ‘‘specific” electrocardi- 
ographic change during an attack. The relief of anginal pain by nitrites does 
not always seem to be dependent on the drop of blood pressure which this group of 
drugs produces. The prognostic- importance of specific electrocardiographic changes 
during attacks lias not as yet been determined. Although there were no untoward 
occurrences in this series of cases, the authors are not prepared to recommend the 
electrocardiographic procedure described as a diagnostic test in angina pectoris. 

In a series of dogs and cats temporary interference with a part of coronary 
occlusion produced temporary and vapidly reversible changes in the electrocardiogram 
somewhat analogous to those seen during attacks of angina pectoris. 

The factors that seem of importance in the production of these changes were: 
(1) the vessel that was occluded; (2) the size of the area of the myocardium the 
blood supply of which was interrupted; (3) the state of the heart before the 
vascular occlusion; (4) the duration of tiie occlusion and (5) possibly the simul- 
taneous obstruction of accompanying veins. 

Experimental temporary coronary occlusion frequently produced no electro- 
cardiographic change, there lore the obsence of specific electrocardiographic change 
in fifteen patients during attacks of angina pectoris cannot be used as evidence that 
temporary myocardial ischemia did not oceur. In experimental coronary occlusion, 
cardiac arrhythmia which could be attributed to the circulatory disturbance in itself 
was not a frequent early phenomenon. When it did occur it seemed to be at- 
tributable to mechanical stimulation of the heart muscle by the mechanism producing 
the occlusion. 

The evidence presented is in accord with the hypothesis that the majority of 
attacks of angina pectoris arc associated with a localized circulatory disturbance 
of the heart. It does not rule out the possibility that other mechanisms may 
produce paroxysms of precordial or substernal pain. 

Findlay, Leonard, MacFarlane, James W., and Stevenson, Mary M.: Rheumatic 

Pericarditis in Childhood. Arch. Dis. Child. 5: 1, 1930. 

The authors have studied the records of J>1 examples of rheumatic pericarditis 
admitted to the Royal Hospital for Sick Children, Glasgow, between 1915 and 1928 
inclusive. Of thirty post-mortem examinations in children dying from all forms of 
rheumatic heart disease, there were implications of involvement In the pericardium 
in 50 per cent. In two of the cases pericarditis apparently was the sole cardiac 
lesion, 44 of the 51 patients had suffered at some time or another from arthritis, 
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Sutton, Lucy Porter: Pericarditis with Effusion. Am. .T. Bis. Child. 41: 78, 
1931. 

The object of this paper is to call attention to the. pulmonary signs associated 
with moderate and large pericardial effusion. Several eases are reported together 
with x-ray illustrations and charts describing tbc signs. 

The posterior site for tapping the pericardium is described. It is believed to be 
perfectly safe and one is far more certain of reaching the fluid than in using the 
points formerly recommended. Although only one of these eases seemed to re- 
quire relief because of the size of the effusion, it appears possible that removal 
of some of the fluid may hasten absorption and thus lead to quicker recovery. 


Wood, Francis C., and Eliason E. L.: Rheumatic Peritonitis. Am. .T. M. Sc. 181: 

4S2, 1931. 

A patient with a past rheumatic history and a well-marked rheumatic cardiac 
lesion developed lower abdominal pain, diarrhea and signs of peritoneal irritation. 
Operation disclosed an abundance of clear fluid in the peritoneal cavity and an 
acute serositis and suhserositis of the peritoneum of unknown etiology. Nine days 
after operation acute pericarditis developed and after a stormy course of typical 
cardiac rheumatism of six weeks’ duration the patient died. 

It seems worth while to bear in mind the possibility of rheumatic peritonitis 
in the differential diagnosis of abdominal pain where it occurs in a patient with 
signs of present or past rheumatic fever. 


Scott, L. C.: The Potassium Content of the Hearts of Persons Dying from 
Edematous and Nonedematous Conditions. Arch. Int. Med. 47: 11(5, 1931. 

In a seiies of t>9 analyses of cardiac muscle for inorganic constituents special 
attention was paid to the potassium and sodium in 32 hearts from patients who had 
died from a variety of diseases. Fourteen of these patients showed edema of a 
greater or lesser degree and of varying periods of duration and eighteen were free 
from it. The results do not seem to indicate that there is on an average any ap- 
preciable difference in the amount of these elements in hearts from edematous 
and from nonedematous patients. 

There is considerable variation in the amount of potassium and sodium in hearts 
egaid ess of whether the disease processes from which the patients died were or 
were not productive of edema. The percentage of sodium mav be greater than 
»at of potassium and vice versa without any apparent relation to disease 
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Calhoun, J. Alfred, Cullen, Glenn E., Clarke, Gurney, and Harrison, T. R.: Studies 
in Congestive Heart Failure. VI. The Effect of Overwork and Other Pactors on 
the Potassium Content of the Cardiac Muscle. J. Clin. Investigation 9: 393, 
1930. 

The water content of the ventricular muscles of subjects dying- of congestive 
heart failure was not significantly increased. Patients dying with acute and ex- 
tensive disease of the lungs had diminished potassium content, of the right ven- 
tricle but not of the left ventricle. When myocardial insufficiency resnits in pub 
monary congestion, the potassium content of the left ventricle is diminished. When k 
myocardial insufficiency results in hepatic and systemic edema, the potassium con- 
tent of the right ventricle is decreased. If both systemic and pulmonary congestion 
were present, both ventricles were poor in potassium. The cardiac potassium was 
not diminished in a subject with coneretio cordis and myocardial atrophy. The 
dilated ventricles were poor in potassium; the ventricles which were hypertrophied 
but not dilated showed variable results. 

The authors believe that edema is not the cause of loss of cardiac potassium; 
they believe that overwork causes loss of potassium from heart muscle and this 
loss is one of the predisposing factors to cardiac fatigue and failure. 

Calhoun, J. Alfred, Cullen, Glenn E., and Harrison, T. R.: Studies in Congestive 
Heart Failure. VII. The Effect of Overwork on the Potassium Content of 
Skeletal Muscle. J. Qlin. Investigation 9: 405, 1931. 

Overwork of the muscles of one leg- in dogs produced by stimulation of the 
sciatic nerve usually leads to a diminished content of potassium in these muscles as 
compared with those of the opposite unstimulated leg. 

Calhoun, J. Alfred, Cullen, Glenn E., Clarke, Gurney, and Harrison, T. R.: Studies 
in Congestive Heart Pailure. VIII. The Effect of the Administration of Di- 
basic Potassium Phosphate on the Potassium Content of Certain Tissues. J. 
Clin. Investigation 9: G93, 1931. 

The total solid and potassium content of skeletal muscle, of cardiac muscle from 
both ventricles and of liver and kidney have been determined in subjects dying 
without cardiac disease; individuals dying of congestive cardiac failure, who did 
not receive potassium salts, and patients dying of congestive cardiac failure who 
were given potassium dibasic phosphate during life. All the subjects with cardiac 
disease had had edema, although some of them had none at the time of death. 

The organs of the "control” cases contained, as an average, more potassium in 
both the wet and dry tissues than was found in the subjects with cardiac disease. 

Among the subjects with cardiac disease, tiie average content of tissue potassium 
was greater in the subjects who received the potassium salt than in those who did 
not. The difference was most striking in the skeletal muscle and least marked in 
the heart. 

Eyster, J. A. E„ and Meek, Walter J.: Studies on Venous Pressure. Am. J. 
Physiol. 95: 294, 1930. 

Venous pressure in the dog under anesthesia tends to show relatively small and 
transitory changes under conditions which alter markedly the physical conditions 
existing in the cardiovascular system. There appear to be compensatory factors 
present tending to prevent excessive changes and to cause rapid restoration to a 
normal level. 


abstracts 


533 


1 VHlo if anv direct relation between arterial pressure and 
There appears to be lit J , Inverse changes occur as 

«"7, IcT^^y «,t S *n„«„n »„ 5ly if •»«* parts of 

the venous system are considered. alteration in the 

In general the pressure is more stable and iess suojtu 
Jpl.S veius til iu the right auric... There appear, to i.e .onto factor 

tending to red... the osteal of change arising at the heart as ineasnml 
farther out in the vascular system. Not infrequently inverse changes may neon, 
in the periphery as compared with the auricular pressure change, hut ... all eases 

the result, is transitory and rapid readjustment occurs. 

These results tend to emphasize the fact that the vascular system particularly 
the venous part cannot be reduplicated physically by a simple hydraulic model. 
Many factors, some unknown and some only partially recognized, modify markedly 
the comparison to a more or less static system of channels. Two of these factors, 
the varying response of the heart to varying venous loads and the variable capacity 
of the vascular bed, would seem to be of essential importance. 


Stewart, Harold J., and Moore, Norman S.: The Number of Formed Elements in 
the Urinary Sediment of Patients Suffering from Heart Disease, With Par- 
ticular Reference to the State of Heart Failure. .Tour. Clin. Invcstig. 9: 409, 
1930. 

The present study is concerned with the estimation of the number of formed 
elements in the urine of patients suffering from chronic heart disease, especially in 
the so-called arteriosclerotic type more particularly with reference to the state of 
heart failure of the congestive type. 

The most consistent finding was increase iu the number of casts, the average 
being 20 to GO times greater than normal, depending on the severity of the dis- 
ease, The number was smallest when failure of the congestive type had not oc- 
curred, somewhat greater when it had, though at the moment no signs were present 
and greater still when they were. 

During heart failure and after recovery increased numbers of red and white 
blood cells occur almost so frequently they are within the normal range. 


Moon, V. H., and Stewart, H. L.: Experimental Rheumatic Lesions in Dogs and 
in Rabbits. Arch. Path. 11: 190, 1931. 


While conducting experiments on chronic focal infections with streptococci, re- 
sults were obtained that are of interest because of their bearing on the pathogenesis 
of rheumatic fever. Young dogs and rabbits not subjected to sensitization or 
other previous treatment were inoculated with Streptococcus viridnns from a case 
of bacterial endocarditis in man. The manifestations of disease which followed 
were very similar to the clinical features of acute rheumatic fever. The gross and 
microscopic lesions in these animals were identical with those that characterize 
rheumatic disease. The organism inoculated was recultivated from some of the 
lesions and was demonstrated microscopically in sections from others. 


These results followed a combination of intravenous inoculation with implani 
turn of chronic focus. The authors maintain that this mode of W»l,r • 
essential to production of the lesions. They believe the use of , 4 1S 1 

of freshly isolated cultures was of great ZlnrZ J f 7 ° mg * 

scribed. These results streugtl.Ud St™, * < 

are tl.e direct cause of rheumatic disease, ' cptocoec. of low vin.lea 
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Gordon, Harry, and. Perla, David: Subacute Bacterial Endarteritis of Pulmonary 
Artery Associated -with Patent Ductus Arteriosus and Pulmonic Stenosis. Am. 

.r. Dis. child. 41: 98, 1931. 

An incidence is reported of subacute bacterial endarteritis of the pulmonary 
artery associated with a patent ductus arteriosus and a congenital pulmonary 
stenosis; none of the valves were involved. The relationship of congenital defect to 
bacterial inflammation is discussed. The group of cases analyzed suggests strongly 
the importance of mechanical stress. 

Richards, Dickinson W., Riley, Constance B., and Hiscock, Mabelle: Congenital 

Heart Disease. Measurements of the Circulation. Arch. Int. Med. 47: 484, 

1931. 

Clinical, physiologic and pathologic studies have been made in a case of con- 
genital malformation of the heart, tlie anatomic lesions of which were those form- 
ing the tetralogy of Fallot combined with a patent ductus arteriosus. The course 
of the- circulation is described and illustrated by a chart. 

From the point of view of experimental method this study has been of especial 
interest in that the technic employed is shown to have given fairly accurate results 
with at least one type of pathologic circulation. 

Saphir, Otto: Endocardial Pockets. Am. J. Path. 6: 733, 1930. 

In two cases of subacute bacterial endocarditis of the aortic and mitral valves 
with insufficiency of the aortic valve, endocardial pockets with openings toward the 
aorta were found on the interventricular septum of the left ventricle. The initial 
lesion which brought about the pocket formation was a circumscribed parietal endo- 
carditis. Tlie continuous regurgitation formed the pockets secondarily. 

In one ease of rheumatic endocarditis of the mitral valve with insufficiency of 
this valve, endocardia! pockets were present in tlie left auricle. These pockets were 
open toward the mitral valve. They also wore primarily inflammatory in origin 
and formed secondarily bv the regurgitation after the insufficiency of the mitral 
valve had been established. 

In two cases of syphilitic involvement of the aortic valve with insufficiency of 
this valve, endocardial pockets open toward the aorta were found. These pockets 
were caused primarily by the mechanical irritation of tlie regurgitating blood 
columns. 

Two eases of syphilitic involvement of the aortic valve with insufficiency of this 
valve and marked stenosis of tlie conus arteriosus sinister, and one case of rheumatic 
endocarditis of the aortic valve with stenosis of its orifice, showed endocardial 
pockets on the interventricular surface of the left ventricle. These pockets were 
open toward the apex of the heart. They were brought about by the mechanical 
irritation of the systolic blood stream acting as a trauma upon the endocardium 
in the region of the stenosed portions. 

From these observations it is concluded that diastolic endocardial pockets are 
evidence in favor of the view of actual regurgitation of blood volume. 

The nomenclature of “diastolic pockets” referring to those open toward the 
aorta and “systolic pockets” referring to those open toward the apex (Krasso) 
is justified. 

Endocardial pockets cannot he regarded as manifestations of functional adapta- 
tion. 
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of these two nodes. , 

The study shows that in the human heart in certain plaees at the margin 
of the A-V node one can trace a gradual transition irom the A A nodal U**m o 
the auricular cardiac muscle. It was shown that the speemivzed tissue mils at 
the outer margin of the sino-aurieular node are larger than those m the ecu cr n 
the node also there are purhinge cells extending trom the R-A node into the outoi 
wall of the superior vena cava. There are calls closely resembling specialized tissue 
cells extending from the S-A node into the folds of the auricular musculature. In- 
tensive literature is appended. 


Schmitz, Herbert W.: Hrohilinuria in Children with Rheumatic Heart Disease. 

Am. J. 2tr. Sc. 181: 392, 1931. 

This study was concerned with the urinary urobilin estimations on children with 
rheumatic heart disease during different stages of the disease. Determinations were 
made on 57 ambulatory eases, 4 eases with recurrent rheumatic carditis without 
congestive failure and 10 cases of congestive heart failure. 

Children with recurrent infection of the heart, but with no evidence of con- 
gestive failure may show normal values for the urobilin excretion in a twenty- 
four-hour, period. High values for the urinary urobilin may be observed in children 
with congestive heart failure, but a high urobilinuria is not necessarily present in 
these eases, nor docs a hyperurobilinuria in children with rheumatic heart disease 
always mean congestive failure. The urobilinuria does not bear a consistent relation- 
ship to the degree of congestive failure and, therefore, cannot be considered a 
reliable index of the functional efficiency of the heart. It is of no significant value 
in the diagnosis of the degree of damage, prognosis or the management of the 
cardiac child. ' 


Bland, Edward F., Balboni, Gerardo M„ and White, Paul D.: Enormous Increase 
of Heart Volume with Mitral Stenosis. .T. A. M. A. 96: S40, 19 , 11 . 


A young mail with mitral disease under observation for nineteen years lived a 
relatively active life up to the time of Ids sudden death in spite of an extraordinary 
amount, of cardiac enlargement and an extreme degree of auricular dilatation. 


The volume of the filled heart was 460(1 e.e., which is from six to seven times 
that of a normal sized heart and establishes a record for future comparison In 
the ease recorded cardiac hypertrophy was far less a factor than dilatation in 
causing the extreme enlargement; the weight, was 850 grams, which has often been 
exceeded The left auricle had a capacity of 1760 c.c., a measurement exceeded 

by only three other cases in the literature. The right auricle held 650 e.e. which 
appears to be a record capacity. 

Tlie authors found the literature to 1 m • . . 

vow A dcterWW « t 7 £££ “CP * r* 
sponsilAlity of cardiac dilatation i„ tire pm, actio,, of cardiac oalar gomant 


Hew England Heart Association 


Sprague, Howard 
Beid, William D. : 


B.: Auscultation and Heart Sounds 
Heart Murmurs in the Practice of Medicine. 
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MeCrudden, Francis H. : Heart Murmurs and Insurance. 

Weiss, Soma: Tlie Normal Arterial Blood Pressure and Its Measurement. 
Palmer, Robert Sterling: Abnormal Blood Pressure. 

O’Hare, James P.: Treatment of Hypertension. 

New England J. Med. 204: 583, 1931. 

These abstracts represent papers presented at the annual meeting of this as- 
sociation. In abstract form, they discuss the various subjects briefly. These sub- 
jects are of general interest and the material presented is clear and much to the 
point. 



Book Reviews 


Artrkial llvrami.w. Hy VAnml WUidM*. -M.8.. .M.l>..As*W. 
ant Clinical Protaor «»f liusli Jlcli.-nl Coll.'t-.t l nivcraitj 

o£ Chicago. New York, llttO, ISO pages, with illustrations, 1 mil 1*. 

Hocber, Inc. 

The. purpose of Stieglitz’ book is to give ns “the logic »>1 pb>sio 
logic mechanism” of arterial hypertension so that it may he vise* 
at* 3 the bedside. He has boldly outlined a theory of the mode <»t pro- 
duction and maintenance of elevated blood pressures that has the ad- 
vantage of the simplicity inherent in all Unitarian doctrines. Two para- 
graphs quoted from pages -11 ami -14 may possibly give tbe drilt of bis 
argument : 

“A fundamental conception to be kept in mind, thereiore, is that 
hypertension essentially results from vascular muscular hxpettouiu 
and that when the term ‘vascular disease with hypertension is used 
it signifies this hypertonia and its subsequent anatomic changes. 

“The continuous spasticity therefore leads first to hypertrophy, 
then to fatigue and finally to hyperirritability, and of course to a fur- 
ther increase in the arterial muscular spasticity. Thus a vicious circle 
is set in operation. The continuation of the cycle of spasticity, fatigue, 
hyperirritability, more, spasticity, fatigue, etc., is the second of the 
fundamental etiologiu or physiologic phenomena and can well be 
called ‘the perpetuating process of hypertension* in contrast to the 
‘initiating* process already discussed.” 

The subject has been presented with a great deal of enthusiasm and 
the hook should appeal to all the lovers of progressive medical thought. 
The main contentions are, of course, based largely on theory, and the 
original will have to he studied if it is desired to obtain the spirit, of 
the presentation. Stieglitz stresses the good effects of bismuth sub- 
nitrate and of bromides in the treatment, of hypertensive states; he is 
the originator of the idea that the slow liberation of nitrites from bis- 
muth subnitrate in tbe intestinal canal serves to keep the spastic 
arterioles in. a relaxed state. There are some rather radical statements 
such as the idea that iodide therapy in arterial disease is grossly il- 
ogical and is actually contraindicated because the effect of iodine is 
one of destruction and weakening of the supporting scaffolding which 
is being placed about tbe tottering vascular walls; that the urinarv 
specific gravity with renal decompensation is from 1.002 to 1.006; that 
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the renal tubules do not reabsorb sugar from glomerular urine but 
cause it to disappear by utilizing it and many others. Such ideas are 
teeming with interest and they should form starting points for new 
ways of thinking that may break the trail for advance in clinical 
medicine. 


H. 0. M. 
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years ago wlien my attention was sharply attracted to the subject by a 
ease of acute thrombosis of the coronary artery. It is chiefly by a 
consideration of the clinical and pathological features of acute occlusion 
of the artery that American physicians became interested in the subject 
and made so many noteworthy pioneer observations. 

The acute or subacute type with frank symptoms is the one that is 
best known; it is the form that is generally meant when coronary oc- 
clusion or infarct of the myocardium is mentioned. In the United 
States it is regarded as not uncommon. Yet many writers, especially 
in Europe where a comparatively tardy interest has been manifested, 
still refer to it as rare. It is plain that what we look upon as acute 
infarction either is not so common in Europe as in this country or is 
classed as some other affection, perhaps angina pectoris. When one 
recalls one’s own experience or talks with colleagues concerning theirs; 
when one reads the reports of eases by Levine, Conner and Holt, Willius, 
and Barnes, each with a series close to, or above, the hundred mark; 
when one leams that the Medical Department of one of the large life 
insurance companies in 1930 had 239 death claims in which the attend- 
ing physicians returned diagnoses of coronary obstruction; when one 
considers the many eases of sudden death caused by acute thrombosis, 
cases that more often come to the attention of the coroner than of the 
practitioner; and when one includes also the often unrecognized mild 
and latent cases, one is convinced that the condition is not a rarity. 
We may add that coronary thrombosis is seen not alone in North 
America and Europe. Reports come from other continents. Last year 
Battro of Buenos Aires published an excellent monograph with clinical 
and experimental observations. 

The question naturally arises whether the remarkable prevalence is 
due to an increasing frequency of coronary thrombosis or is merely due 
to the fact that the condition is better recognized today than formerly. 

If we review the older literature; if we re-read Osier, Huehard or 
Mackenzie in the light of present-day knowledge, we see that not a few 
cases regarded as angina were evidently cases of infarction. And the 
splendid monographs of Rene Marie on infarct of the myocardium 
(1S97) and of Sternberg on partial aneurysm of the heart (1914) are 
teeming with records, the clinical significance of which was overlooked 
because the vision of the writers as of the readers was focussed on the 
pathology. It is clear that this is no new disease. 

It may seem incredible that such startlingly dramatic symptoms 
should so long escape the attention of physicians and pathologists. Yet 
strange, almost ludicrous, oversights are no novelty in medical history. 
Typhus and typhoid fevers were long confused. The development of a 
clear cut conception of appendicitis is well within the memory of many 
of us. For how long a time have undulant fever, encephalitis, tularemia 
and other supposedly rare diseases been given a wrong or meaningless 
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label* One of the explanations then, probably <1* <*]<* explnnntion, 
for this apparent increase is a belter understanding and more lnxment 

recognition. . 

On the other hand, there is an impression, supported by se.Yeval 
studies, that thrombosis in general is on the increase. Vdnle lefcicnti. 
is ehieflv to thrombosis in veins, it. may he that the same causes, \\ha - 
ever they are, operate to multiply the instances of arterial thrombosis, 
especially in the coronary arteries. 

The explanation offered by some that the development, of thrombi is 
favored by the more frequent, use of drugs intravenously does not seem 
attractive, at least in regard to arterial thrombi. 1 am certain that 
in only a very small proportion of my patients has there been prexious 
intravenous therapy of any kind— nrsphenamin, vaccines or what not. 
Nor do Singer’s studies from the Leipzig clinic hear out Ibis theory ns 
to venous thrombosis. 

Do modern conditions of living make for an increase? One is tempted 
to answer that this may he a contributing factor, at least if one believes 
that the strenuous life with its speed mania tends to cause hypertensive 
and arteriosclerotic states, of which general conditions the coronary 
lesion is often hut a part. It is also true that today more people are 
reaching adult or senescent years when degenerative vascular changes 
come on. Therefore, there are more coronaries to he affected with the 
lesions that favor thrombosis. 

Does infection play a leading part in producing thrombosis in the 
coronaries? We are told that recent infections may cause an acute 
arteritis or a former infection may perhaps sensitize the vessel wall. 
In either case, it is suggested, thrombosis may be favored. Are some 
of the cases we are encountering today of the crop that was sown by 
the influenza pandemic of 1918? Why is thrombosis rare in rheumatic 
hearts though rheumatic mural changes in the vessels are not. unknown, 
perhaps not unusual? Why does syphilis- spare 1 lie main coronary 
trunks? What about Warthin’s idea that syphilis, while not an im- 
mediate cause of coronary thrombosis, is a secondary influence in pre- 
disposing to such thrombosis as well as in causing sudden death? What 
of thrombosis in the veins of the heart? Are" the veins as carefully 
observed as they should lie, by the pathologists? The relation of infec- 
tion to coronary thrombus formation is still an open question The 
problem needs further study. 

The essential lesion seems to bo a narrowing of the vessel due to 
Mirir °vi i° r " n "’ al1 thl,t ' s generally rough from calcification. 

arte v 1 “I \T mmUr tlTOmteis d "' ays is *» <o » disease of the 
artety It ,s never spontaneous. ’ - Tot other factors may enter • The 

uggishness of the blood current; qualitative and quantitative physical 
and . emica 1 changes in the blood; variations in its viscosity orTta 
content of albnmm; alterations in the number of platelets or their 
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fragility. Whether changes in food, in the air we breathe, especially 
in our large cities with their automobile and factory fumes, may have 
an influence, is a matter for surmise. So far, no definite facts along 
this line are known. 

The question is sometimes asked, why are the coronary arteries oftener 
the seat of arteriosclerosis and thrombosis than other arteries in the 
body. In answer, it is said that circulatory conditions in the heart are 
unique. The ceaseless motion of the coronaries, their constant subjec- 
tion to extreme active and passive stress and pressure, their unusual 
kinks and tortuosities may help to explain a striking development of 
sclerosis with consequent thrombosis. Yet it is not clear why an artery 
that is almost never quiet should so readily develop thrombi. 

Moreover, are the coronaries oftener involved in thrombosis than 
other arteries of similar size? The startling phenomena that so com- 
monly announce the formation of coronary thrombi, together with the 
serious effects that follow, make them stand out as star performers in 
the tragedy of vascular disease that is always on the boards. Do figures 
show that the vessels of the brain, spleen, kidney, pancreas are less often 
thrombotieally closed than those of the heart? 

Acute obstruction has bulked large in the consideration of coronary 
disease. The earlier drawn clinical picture with its severe enduring, 
substernal or epigastric pain, unprovoked by effort, its attendant shock, 
lowered blood pressure, disordered and weakened heart condition, 
dyspnea, fever, leucocytosis, pericardial rub, embolic complications; with 
death in a few hours or days from ventricular fibrillation or rupture, or 
with partial or complete recovery after a slow convalescence, this still 
stands as our type. 

One often hesitates on the basis of slight active and residual mani- 
festations to diagnose a condition traditionally and in ideality so formi- 
dable. We must, however, admit into the cadre of the acute and sub- 
acute cases many milder and atypical types in which supposedly cai'diual 
symptoms may be lacking. 

Without talcing up the details of these atypical forms — they are dis- 
cussed by various authors — it may not be amiss to make a brief refer- 
ence to the painless cases. Acute coronary obstruction has so naturally 
and unconsciously been associated in our minds with angina pectoris 
in which pain is almost by definition a part of the symptom complex, 
that it is difficult to eliminate this feature from our clinical conception 
of the accident. Yet it is clearly established that painless acute obstruc- 
tion occurs. 

It has been suggested, that normally certain areas of the heart are 
not only less vital than others, indifferent or silent they have been called, 
but also less sensitive. At autopsy fresh infarcts are sometimes found 
associated with multiple areas of fibrosis that speak for previous ob- 
struction of small branches, yet no pain has been noted, no pain even 
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nt limit a sudden shock, the ele- 
ment of * surprise is lacking as the heart is in a sense prepared for the 
supreme insult. Abrupt heart failure with its dispnou am o m 
phenomena may he present, hut pain may be lacking, these arc the 
“substitution symptoms” in the hyposonsitive described by Libman. 
As Obratzov and Straschesko expressed it. dyspnea may be the pain 
equivalent. 

There is every clinical gradation in the severity of symptoms result- 
ing from the sudden obstruction of the coronary artery, severe, moder- 
ately severe, mild. As results, early death, often sudden death, death 
after a cardiac breakdown, or a partial recovery with myocardial weak- 
ness as a hang-over, or perhaps a complete symptomatic restoration of 
function. These varying manifestations as well as the varying results 
must depend in large measure on Ihe size, location, and functional im- 
portance of the arteries and muscular areas involved. They depend 
also on the degree to which compensatory enlargement of anastomosing 
vessels lias prepared the heart for the attack. 

Clinical features will depend to a large extent on the rapidity with 
which the obstruction is accomplished. The element of time is of great 
importance. American physicians and experimenters, heretofore largely 
concerned with the acuter eases, must, consider ns well the group that 
may be called chronic. As this group is approached, it is realized that 
there is a difficult task ahead. To clear away the vagueness surrounding 
“chronic myocarditis,” to differentiate at the bedside and in the dead- 
house between a process that in the stricter sense, is inflammatory and 
one that is degenerative, the end-result, of obstructive lesions, to* learn 
what heart disturbances, especially what cases of heart failure, arc 
due to slowly progressive coronary disease is a big undertaking. In 
the chronic cases there may be no dramatic announcement, of the climax 
of the myocardial tragedy by sudden pain, dyspnea or drop in pressure. 
Often there is an insidious, gradual breakdown of the heart’s efficiency 
with easily provoked dyspnea and palpitation together with irregulari- 
ies and edema, due to the slow development of multiple areas of fibrosis 
that may by confluence become of considerable size. To quote Galla- 

Xn "Zf Iff CPi8 r m f C S, “- 1«W» Urt,™ 

ten infaicts that have enlarged, i.c, have grown 1o be large “Les 
? \ ld , eS mfarctus sont solvent des infarctus qui out grand! ” Bv this 
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coronary arteries. Not at all. There are cases of heart failure due 
to rheumatic carditis in which with distinct valvular and myocardial 
lesions the arteries are comparatively healthy. Syphilis may be a cause 
even when the main arterial trunks are normal. The heart in obesity, 
in wasting diseases, in anemias; the worn-out heart associated -with 
chronic nephritis, emphysema, scoliosis, goiter, may show no significant 
lesions in the coronaries. And there are eases in which intoxication and 
a vague something spoken of as fatigue are called in to explain the 
giving out of a heart that anatomically seems still fit to function. But 
the number of cases of heart failure due to progressive obstructive 
coronaiy lesions is very large. The coronaiy artery is a prolific dis- 
turber of health. 

It is often difficult, at times impossible, to recognize these diseases, 
clinically. Morawitz laments the fact that the physician is so often 
chagrined because the autopsy discloses coronaiy conditions so different 
from what had been predicted. R. Kaufmann recently said that the 
pathologist looking at two hearts similarly involved in coronaiy sclerosis 
with secondary myocardial fibrosis, cannot tell in which ease there has 
been a stormy clinical upset and in which case the symptoms have been 
mild and latent. We may well employ the term freakish, as does Ceelen, 
to describe the entire arteriosclerotic process as well as its clinical mani- 
festations. 

Without elaborating this topic one may say in a general way that 
when a failing heart other than the heart of rheumatism or syphilis 
gives out more rapidly than is the rule, when cardiac asthma and acute 
pulmonary edema precede or accompany a drop in a previously high 
blood pressure, when gallop rhythm, feebler and more diffuse apex 
impulse with systolic mitral murmur appear and when in spite of rest 
and digitalis the heart fails to come back, there has perhaps, or prob- 
ably, been an occlusion of a coronaiy artery or some of its branches with 
resulting infarction. Tills event — an epiphenomenon, Gallavardin aptly 
calls it — hurries the heart to its breakdown to which it was already 
slowly but surely progressing. 

I wish to insert a comment concerning the diagnostic value of vagus 
pressure in suspected coronary disease. Wenckebach in 1914 in his 
book on the “Irregularities of the Heart” stated that a marked slow- 
ing of the heart produced by pressure over the carotids in the neck, 
especially the right carotid, was an evidence of myocardial weakness. 
Several writers, few in this country, have written on tliis subject. 
Opinions differ as to the worth of the test. My own impression is that 
there is something to it. Its almost uniform absence in those whose 
coronaries and heart muscle are presumably healthy — the young and 
cardioneurotic individuals; its increasing frequency in the senescent, 
aged and arteriosclerotic; the sometimes startling cessation of the heart 
beat in patients whose coronaries have recently been occluded and in 



505 


HERRICK : CORONARY ARTERY IK HBAI.TI1 AND DISEASE 

those whose hearts are inefficient, supposedly from myofibrosis, have 
made me feel that the test, is of some value. One must agiee, unu . , 
that Wenckebach is light in not. assigning 1o it the virtues oi an in- 
fallible sign; it may be lacking when one would expect it, it may he 
manifest at least, to a moderate degree when one sees no reason for its 
presence. It may be added that the results of Ibis simple pressure over 
the carotid are not alone confined to slowing of the heart *s rate. There 
are, as was shown several years ago, in one of the most important con- 
tributions concerning the subject, being that, ol your presiding oftieei, 
Alfred Cohn, differences between tiie effects of stimulating the right 
and left vagus. The former lias an influence that is especially chrono- 
tropic, the latter dromotropic. Other results shown chiefly through 
the electrocardiogram and of especial physiological interest, need not 
concern us here. The test needs further study at the bedside as well 
as in the laboratory. Even the rationale of its production is not yol 
agreed upon. Tiering, it will he recalled, does not accept t he direct 
vagal stimulation explanation, lie regards it as a carotid sinus reflex. 

In the study of coronary disease much use has been made of electro- 
cardiography. Without attempting a comprehensive review of this 
topic, I wish to call attention 1o a few facts that seem to warrant con- 
sideration. 

Taking up first the electrocardiogram in acute obstruction; when 
local necrosis of the myocardium has been brought, about acutely by 
direct experimental destructive injury of tissue, or in an indirect, manner 
hv cutting off the coronary circulation as by ligation; or when such 
myomalacie lesion in man is the result of coronary thrombosis or the rare 
surgical ligation of the artery for st ah wounds, fairly characteristic elec- 
trocardiographic findings have been noted. One feature ueeds repeti- 
tion lest it he forgotten. It, is that the electrocardiogram in these cases 
of acute myocardial destruction is not fixed, that for a long time it 
undergoes change. This was shown experimentally even as far hack as 
1910 when Eppinger and Rothbcrger injected silver nitrate into given 
areas of the heart muscle. It was observed by Samajloff in 1911. Fred 
Smith, in his classic experiments, showed that after ligation of the left 
coronary artery of dogs, especially the descending branch, fairly uni- 
form changes were noted in the electrocardiogram, a prompt increase in 
the height of the T-wave, with a subsequent early drop to a negative 

T a f° W rCtWn tow ’ flrd » or t0 > its old positive position. 
Smith s work on the coronaries of clogs has been quite generally con- 

filmed as has the transference of most of these results to man. There 
" 0t 3,1 "■*”> ™ d * » — * practitioners, 
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fact that the electrocardiogram, registering regressive and reparative 
processes should and does show variations from day to day or month to 
month. The physician who gets his tracing right after the accident sees 
the prominent T-wave with the high take-off from R-wave. The one 
whose tracing is made a week or several weeks later stresses the altered, 
often inverted, T-wave or the Pardee coronary wave or some peculiarity 
of QRS, perhaps its broadening or slurring. Each observer is apt to 
generalize and declare that such and such a picture is characteristic — 
the characteristic it is sometimes expressed — of acute coronary obstruc- 
tion. Conflicting and confusing statements might be avoided if the 
time relations were better realized, if it were recognized that the patho- 
logical process is for many weeks at least, one of change, which change 
is reflected in an electrocardiogram that for a long time is not stable. 

A second point : Not all the electrocardiographic abnormalities noted 
in a given case are necessarily due to some recent event heralded by 
symptoms suggestive of acute coronary or myocardial accident. The 
post hoc ergo propter hoc argument is as fallacious here as in thera- 
peutics. Earlier gradual narrowing and blocking of diseased vessels 
may have resulted in myocardial fibrosis, the process being as varied 
and as scattered as to time as the lesions are as to size and location. 
The electrocardiogram, translating the progressive myocardial changes, 
may be evolutive as Clerc has called it, complexes broaden and flatten, 
extrasystoles appear or auricular fibrillation with paroxysms of tachy- 
cardia and perhaps final “anarchy.” Some of the abnormal, bizarre 
tracings then, may be due to old lesions long antedating the present 
symptoms, or may be associated with cardiac hypertrophy attendant on 
hypertension. Carter in the discussion last year in the Association of 
American Physicians very justly emphasized these points. 

But aside from these considerations there is need for still further 
study of electrocardiography in acute and chronic cases. 

There is a consensus of opinion that changes in the T-wave are the 
ones most frequently seen in a recent or old coronary obstruction; 
Nathanson says in SS per cent of cases. Inversions in Leads I or II, 
the “high take-off,” Pardee’s coronary wave are met with so often that 
they cannot be regarded as meaningless or accidental. Other changes 
noted in acute cases, extrasystoles, atrioventricular block, paroxyms of 
tachycardia of various types, even short paroxysms of ventricular tachy- 
cardia, arc not so generally regarded as pathognomonic. 

But the significance of many alterations seen long after an acute 
occlusion or when the occlusion has been insidious or slow is not always 
clear — broad P -waves. a prolonged P-R interval, a QRS complex 
slightly slurred or perhaps distorted almost beyond recognition by exag- 
gerated notching, broadening and displacement below the line. Even 
though symptomatically a heart may seem functionally normal, if if 
records such abnormal electrocardiograms there is reason to believe there 
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a vc organic changes that cause interference, not necessarily serious, with 
conductivity and presumably with other functions as we I. But kno vl- 
edee sufficiently precise to enable one to slate definitely what is the 
location, size or age of the lesion is often lacking. There is no agree- 
ment. as to the meaning of nrbomal ion block. That it has an important 
significance seems certain. F. N. Wilson and his associates, the Oppcn- 
heimers, and others are massing evidence to show that what has long 
passed for right bundle-branch block is really left branch block and 
vice versa. Barnes and Whitten on the basis ot anatomical, clinical and 
post-mortem studies, declare that obstruction ol. the right coion<u 4 \ is 
more common than generally supposed; that infarcts in the basal pos- 
terior portions of t lie left ventricle and oi. the septum and at times even 
of the apex may be produced by such obstruction. They believe that 
by a study of the electrocardiogram, grouping the tracings after the 
classification of Parkinson and Bedford, one may with some approach 
to accuracy know whether the obstructing clot is in the right or left 
coronary. Their suggestive work should be confirmed. They and others 
raise the important question as to how far human electrocardiograms 
may be compared with those obtained experimentally in the dog, for 
there arc anatomical differences. Some of the posterior wall of the left 
ventricle, and parts of the septum that in the dog are generally nour- 
ished by the left coronary are cared for in man by the right. In this 
connection the recent work of Moore, Campbell, Gross, and Whitten is 
important. 

What of a lowering of the various peaks, the so-called low voltage 
tracing? Does this mean merely a general weakening of the myo- 
cardium? Reappearance of higher voltage tracings after rest, would 
seem to speak for such an interpretation in some instances. Or lias 
the low voltage curve a more restricted significance? II. J. Stewart 
asks whether it may not mean a shutting off of the left circumflex artery 
as suggested by Fred Smith s experimental work as well as by a few 
clinical cases with autopsy control that have been reported Wint of 
an exaggerated Q-wave in Lead III? It is more and more porsistent.lv 
aud it would appear justifiably, clamoring for admission into the select, 

tScTTl ° U8h takc ' offs ’” invcvted T ’ s > and convex RT’s that claim 
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the grain to admit our poverty of knowledge on this point, one must 
agree with Gilbert and Ritchie when, as the conclusion of their most 
critical study and summary of electrocardiography in myocardial in- 
farctions and fibrosis, they say : ‘ ‘ The evidence available at the present, 
time does not lend support to the view that the form of the electro- 
cardiographic distortion can be regarded as a definite localization of 
the infarct.” Reports based on the study of large series of eases may 
carry conviction by the sheer weight of numbers, but critical reports 
of carefully worked out single eases, such as that of H. J. Stewart two 
years ago, also deserve commendation; the conclusions may be as con- 
vincing as those drawn from the larger series. 

There is especial need of a study of the electrocardiogram in cases 
of coronary sclerosis of a chronic character, cases of disseminated myo- 
cardial fibrosis, of angina pectoris, of chronic myocarditis sensu strictiori 
such as may have resulted from rheumatic, syphilitic or other infectious 
processes. Besides, the transitory deviations from the normal electro- 
cardiogram seen in acute infections as rheumatism, diphtheria and in- 
fluenza, in uremia, in digitalization, etc., need further investigation. 

It is important that clinical reports should describe more accurately 
the location of pain, its radiation, its deviation, skin tenderness; loca- 
tion of pericardial friction; degree of cyanosis, pulmonary and hepatic 
congestion; height of temperature; number of leucocytes; change in 
blood pressure. There are reasons why pain radiates to the epigastrium 
in one case, to the right arm in another, to the left arm in a third; why 
in one case there is a temperature of 102 degrees, in another that seems 
to be equally severe no fever at all; but the reasons are as yet obscure. 
By such careful bedside observation together with electrocardiograms 
taken at short intervals, and when possible with post-mortem examina- 
tions that take account of minute anatomical changes, much can be 
learned as to the nature and localization of these coronary lesions. New 
light may be shed on the physiology and pathology of the heart that 
may have rich application in practice. Gilbert and Ritchie state that 
up to 1930 thei’e are only 148 case reports with sufficient detail to 
permit of satisfactory analysis. In only forty-four of these cases are 
post-mortem records available. I have elsewhere said, some cardiac 
Beaumont may yet find his Alexis St. Martin so that clinical, including 
electrocardiographic, data, may be based on observations made on man 
with conditions largely under experimental control. 

It is desirable that our knowledge should be clarified and that as soon 
as possible. The electrocardiograph is more and more used in hospitals 
and in private practice. But it is here and there falling into disrepute. 
We often see the tracing interpreted by physicians of no special train- 
ing, even by technicians who are not physicians at all. The assurance 
with which some of these pathological and topographical diagnoses are 
made is rather startling to one who is at all familiar with the surprises 
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of the dcad-liouse. Mhmte, almost .uiemseopie sturnn S s slifchlest vuria- 
tious from the classic electrocardiogram are confident!.' dixl.i cd 
indicate some particular covcmarv or myocardial lesum, at times vutll a 
prognostic wanting that all too often upsets the mental eqtul. brram ot 
the practitioner, still more that of the patient. And these oochsurc m- 
• terpretations, as shown by subsequent events, are often wrong. All 
this may ultimately lead to a. distrust of the electrocardiograph as an 
instrument that is even approximately precise. Such distrust, is already 
manifest. “There was no negative T-wave, no coronary wave yet. mi 
infarct was found,” or “a negative T was present and a broad QKS 
and yet no lesion was discovered, etc. ~W Uni can we believe i 
Some of the hospital and commercial laboratories recognizing this 
lack of definite knowledge, have become very wary and shrewd, perhaps 
we should say wise. They send in diagnoses of “myocardial damage.” 
Possibly what is lost in definiteness of diagnosis is made up in a closer 
approximation to truth. Of course, the electrocardiograph is not at 
fault. It is our knowledge that is faulty. 

When I began this paper I fully intended to discuss — I will not say 
settle — the question of the origin and nature of pain in angina pectoris. 
I have given up this plan. After reading many articles I found that 
my own notions, none too clear to start with, were still very nebulous, 
even more nebulous. I feared my presentation of the subject would not 
be convincing, for it is difficult to convert another 1o views that one is 
not certain about oneself. Besides, while there arc many excellent dis- 
cussions of the subject, many arc but specious pleadings for the writer’s 
pet theories, exercises in dialectic with little or no scientific proof. At 
times in reading the fine-spun academic and wordy arguments, one is 
reminded of the momentous question as to the proper way to open the 
egg and the heated controversy that arose therefrom between the Big- 
Endians and the Little-Endians, for details of which one may consult 
the immortal Lemuel Gulliver. Much of the recent discussion centers 
about experimental and surgical investigation concerned with the 
cervical sympathetic nerves and ganglia. As someone has said this work 
is based on an anatomy that is not precise, and a physiology that is 
poorly understood. While thus embarrassed by my own ignorance and 
)y the bewildering conflict of views contained in the staggering mass 
ot literature, I ran across several frank statements that comforted me 
and strengthened me in my decision to omit this feature. This by 

ZST- mtdh §' ent discussion of cardiac pain is not at present 
possible, for ideas as to the ultimate mechanisms producing pain remain 
wildly speculative.” And one by Clerc who, referring^ the SS 
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is an illness syndrome. Its pathogenesis is obscure; the etiological facts 
are uncertain and incomplete; the data of anatomical pathology, experi- 
mental physiology and physiopathology are insecure and bristling with 
inexplicable contradictions." If such are the views of a scientist un- 
usually well informed as to cardiovascular physiology, and of physi- 
cians well read and with rich laboratory and clinical experience, why 
should I add to the bulk of this fruitless phraseology? Lapsing into 
the vernacular, I pass. 

I cannot, however, resist the temptation to say a word as to the hear- 
ing of acute occlusion on the theoi’ies of angina pectoris. A clinician 
must have some notions on this point, speculative if not conclusive. 

At the outset it may be said that in subscribing to the coronary theory 
of angina one need not deny that a diseased aorta, may cause pain, a pain 
that at times is like that of coronary angina but that often lacks the 
earmarks of the typical form. 

The two theories that have prevailed for two or more decades are 
the aortic and the coronary. Allbutt and after him, 'Wenckebach, Rudolf 
Schmidt, Vaquez, and many others have contended that the pain is due 
to a stretching of the diseased -wall of the aorta. “Entziindung and 
Dehnung" is the explanation of Schmidt. “For me," declared Allbutt, 
“the coronary hypotheses are dead and buried." Many physicians, 
however, still cling to, and increasing numbers of them are becoming 
adherents of, the coronary artery theoiy, the theory that with various 
modifications has been the prevailing one since the time of Parry and 
Jemier. 

Experience with cases of acute thrombosis of the coronary artery 
seems to strengthen the view that the paroxysm of angina of effort has 
its origin in a perversion of function of the coronary artery or the 
muscle supplied by that artery, or of both. 

There can be no denial that the sudden closui’e of a coronary artery 
or one of its larger branches is often attended by pain that may resemble 
in every particular that of angina pectoris. Patients who have had 
previous anginal attacks on walking often speak of it as of the same kind 
only more severe, more persistent, more prostrating. It is unreasonable 
to assume that the pain preceding the occlusion has had its seat in the 
aorta while the similar though severer pain clearly has its origin in the 
obstructive lesion in the coronary artery. To contend that in the latter 
case the pain is really of aortic character because the pathway of trans- 
mission of the stimuli to the brain is by way of nerves that pass through 
the aortic adventitia on their way to the sympathetic trunks and the 
cord, seems illogical. One might as well argue that if the little finger is 
lunched in the door the pain has its origin in the ulnar nerve in the 
cubital fossa or in the brachial plexus because the ulnar nerve passes 
these points on its way to the cord and brain. The origin of the pain 
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is clearly in the crushed finger in the one case, in the coronary artery 
or the damaged muscle in the other. 

Wenckebach lays stress on the fact that previous angina! pain gen- 
erally ceases alter an extensive infarction. This, lie says, speaks for a 
resulting weakness of the ventricular wall, and a lessened pressure on 
the aortic wall. In reply one may say that there is no uniform result 
in regard to pain of an anginal character that follows a Ihrombotie 
accident. By no means do all eases of even extensive infarction lose 
their anginal pain. The status anginosns may continue for hours or days 
though muscular power is weak and blood pressure low. Not all patients 
who do lose the pain show lowered blood pressure or ventricular weak- 
ness. Furthermore, many patients have their oflort angina ushered in 
by a stormy bout clearly due to obstruction of a coronary artery. Mn\ 
it not be that in some instances anginal pain ceases after the thrombotic 
occlusion because the artery with its nerves, and the aftectcd patch of 
myocardium are in effect dead, functionlcss, incapable of responding 
to the stimulus of effort that formerly induced pain? May it not be 
that the fibrous patch lias lost nearly all its specific functions like con- 
ductivity and contractility and is relatively painless? It may retain 
little except the rather characterless function of bolding, i.o.. not 
breaking. The very fact that when the vessels and the muscle cease 
to act there is no pain-response on effort speaks strongly for a direct 
connection between such artery or muscle or both and the pain of 
angina. When an attack of coronary Ihrombosis initiates anginal 
symptoms, may it not be that the artery is not completely shut off, or 
that some smaller branches are left partially occluded, capable on effort, 
of inducing the condition — let us assume relative myocardial ischemia, 
anoxemia if you prefer, perhaps associated with spasm — that causes 
pain? The close association of the symptoms of these two conditions, ob- 
struction in a coronary and pain, is something more than accidental. 
For the purpose of this argument it is immaterial whether the pain be- 
gins 01 ceases with the coronary occlusion. Either phenomenon is clearly 
associated with a suddenly developed anatomical change in the coronary 
artery and not in the aorta. 

Take a case like this: A man of forty-seven years, supposedly in 
good health, is awakened at six in the morning in June, 1930 bv a 
severe substernal pain radiating to both arms, a pain lasting in spite 
of morphm, for nine hours. He recovers from this attack and goes about 
Ins work, feeling quite well until November. Then distress in the 
stenia 1 region on walking, with pains going to the arms, leads his 
doetoi to diagnose angina, and to put him to bed. Again he improves 
mt about the last of December as he resumes his activity, typical effort 
angina appears. Walking two blocks, especially in the cold or after a 
heavy meal brings on the pain and causes him to stop The n W 
exanunation reveals Me that is aWmal. The eLr„ Ci M^ 
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however, shows in Leads II and III inverted T-waves with the coronary 
wave of Pardee and some slurring of QRS. Interpreting these facts, 
there was an acute infarction in June, 1930, with recovery. In Novem- 
ber a possible second infarction with less stormy symptoms, then typical 
angina of effort. Can one reasonably dissociate these phenomena and 
say that the pain in the first, instance was coronary, in the second aortic? 
Clearly the burden of proof is on him who denies the coronary origin 
for both pains. This is but clinical evidence, but. I see no other reason- 
able way to interpret the phenomena than on the basis of disturbance 
in the coronary artery. 

There are many other arguments that support the coronary theory 
against the aortic. I wish to refer briefly to a. few of these that have 
made a special appeal to me. 

1. The contention that, post-mortem examination generally bear’s out 
the aortic theory is not well founded. Not the least valuable part of 
Harrs Kolrrrs comprehensive survey is his painstaking historical review 
of original records. He finds that marry of the older observers — and 
some of the later ones are also negligent — really did not examine the 
coronary arteries or examined them carelessly. The overwhelming num- 
ber of positive coronary cases would be still further increased if these 
vessels were examined more thoroughly, not. the main trunks alone but 
smaller branches as well. It is so much easier to find lesions in the large, 
easily examined aorta than in the smaller coronary ! Absence of detect- 
able coronary lesion does not exclude spasm. Presence of diseased 
coronaries without angina is not conclusive proof of the correctness of 
the aortic theory. Kohn well says that we must not forget that the 
anatomical lesion is not the disease, rather the resulting disturbance of 
function and the reactive changes in the organism. 

2. That angina is infrequently found with auricular fibrillation may 
be true. Auricular fibrillation is most commonly seen in rheumatic 
hearts, especially with mitral stenosis. But this is exactly where 
coronary obstructive lesions are rare, viz., in rheumatism. 

As a corollary to this argument note the unusual case seen by Coombs 
and Perry. A child of fourteen with acute rheumatic carditis had 
angina pectoris, the only instance Coombs had come across in an un- 
usually rich experience with rheumatic children. Autopsy showed 
marked narrowing of the coronary through acute rheumatic changes 
in the wall of the artery. 

3. There are many hearts of “chronic myocarditis” whose cells are 
damaged by infectious or toxic processes, c.g., rheumatism, typhoid fever, 
diphtheria, thyroid toxicosis. Such hearts may give out suddenly or 
gradually, but only rarely is pain a striking symptom. Only rarely 
do we find obstructing coronary lesions. 

4. With syphilis angina is rare except in cases in which the coronary 
mouths are narrowed by the aortic process. 
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5 Nitriles and theobromine compounds dilate, the coronaries. They 
often afford relief in angina of effort. It. may be assumed that they 
relax a spasm or dilate the vessel so that the relative ischemia of the 

heart muscle is relieved. . 

6. Levine and others have by the injection of epinephrine provoked 
painful seizures in patients subject to angina. In younger individuals 
with supposedly normal coronary arteries no such pain was noted. u> 
explanation offered that the increased work demanded of the myo- 
cardium by the rise in blood pressure cannot be met if there are ob- 
structing coronary lesions, seems satisfactory. 

7. Hypoglycemia induced by insulin has caused anginal distress. An 
area, of heart muscle already poorly nourished because of arterial nar- 
rowing- has its nutrition still further cut off by the reduced sugar content 
of the small amount of impoverished blood. 

S. Similarly in severe anemia; blood of poor quality may be insufficient 
to meet the needs during effort — oxygen needs let us say — of some area 
in the heart, muscle when the quantity of blood is lessened by a partly 
obstructed coronary; pain may result. In Ibis instance as in hypo- 
glycemia the threshold for pain is lowered by the circulatory insufficiency 
of the damaged coronary. If the amount of sugar or the amount, of 
oxygen is increased, pain may disappear. 

9. In hyperthyroidism whether induced by an inactive gland, or by 
feeding thyroxine in myxedema, anginal pain may appear. The heart 
muscle poorly supplied with blood by a damaged artery cannot meet the 
requirements of increased metabolism. If the metabolic rate be re- 
duced, the angina may disappear. 

In the last three instances (7, 8, 9) it. is seen that the heart’s ability 
to respond normally and painlessly to an increase in work demanded 
by exertion, heightened metabolism, greater peripheral resistance, etc., 
depends as well on the quality as on the quantity of blood that may 
get through the coronary artery. Means, in an article that has just 
come to hand, compresses much of this and similar argument, into the 
epigiammatic statement that ''the symptom angina pectoris is evidence 
of relative insufficiency of coronary flow.” 

10. Ill patients with angina electrocardiographic changes arc fre- 
quently seen. As Grotcl well remarks, these changes arc by no means 
to be regarded as specific. Yet they are often due to muscular degen- 
eration, the result of coronary disease. This degeneration by its close 
association with the anginal syndrome surely suggests a more intimate 
relation to the vessels of the heart proper than to the aorta. 

Especially significant are the electrocardiograms taken during attacks 
of angina. Transitory variations in the ventricular complexes would 
seem to mean transitory changes in the heart muscle-perhaps eoromrv 
spasm and ischemia. Parkinson and Bedford exhibit tracings tluat ‘re- 
semble those seen at the beginning of coronary infarction. Foil and 
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Siegel, Bousfield, Willius, Wood and Wolferth and others report altered 
eleetroeardiograms during attacks. 

11. In a small number of eases vasomotor phenomena, e.g., Raynaud’s 
fingers, have been associated in a suggestive way with angina. Coinci- 
dent coronary spasm seems far more likely to explain this combination 
than any change in the aorta. 

12. While there is no unanimity of opinion as to the results of experi- 
mental work on animals, there are investigations, such as those of Sutton 
of Chicago, that seem to show that temporary occlusion of a coronary, 
a condition comparable to spasm, induces pain. 

As I go back over this lecture to see what it is all about — is not that 
the way most papers are written? — I find that there is a thread of 
thought, rather slender at times I admit, that binds together the seem- 
ingly disconnected pieces out of which this paper has been constructed. 
The motif seems to be not so much to declare what we know concerning 
the coronary artery and its diseases as to point out certain gaps in our 
knowledge, certain problems that still await solution: the cause of 
arteriosclerosis and thrombosis; the pathology of chronic obstruction 
and its disease manifestations; the pitfalls of electrocardiography; the 
mystery of cardiac and especially anginal pain. At this point I might 
well, after the manner of the preacher or the commencement orator of 
other days, utter the perorational exhortation: “Let us then” realize 
that there is need for cooperation between the practitioner of medicine, 
the pathologist, the experimental physiologist and pharmacologist, the 
student of electrocardiography. Intensive, concerted investigation will 
surely bring forth rich results. 

I am conscious also of harboring the thought and hinting at it in a 
tentative way that we should view the coronary lesions here described 
and the diseases caused thereby as one process rather than as several. 
Whether this process is acute or chronic, whether the lesions are slight 
or extreme, whether the results are mild or serious, there is a common 
unifying element — obstruction to the coronary flow. Klotz and 
Lloyd state the order of pathological events as endarteritis, ather- 
oma, calcification, stenosis, thrombosis. We might add infarction 
and myofibrosis. If now we mix clinical and pathological features, we 
may slip into this list as we approach and leave thrombosis such terms 
as chronic or acute heart failure, ventricular fibrillation, sudden death.*’ 
And — I quote Le Count — “Somewhere between sudden occlusion and 
its results, and such slowly developing obstruction that few or no symp- 
toms develop, lie the lesions responsible for angina pectoris.” 

In closing, much of our knowledge concerning the coronary artery 
and much of the present day interest can be traced to the impetus given 

♦Coronary obstruction anil ventricular fibrillation seem to offer the most rational 
explanation of tlie sudden death In angina. There may be instances in which obstruc- 
tion is complete without a thrombus. Usually, however, there is a thrombus. The 
clot, however, may easily be overlooked If death occurs before the more strikingly 
visible changes of 'infarction have taken place. 
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to the stndv ot this subject by the observations of clinicians. Perhaps 
Scott is riRht when ho. says: “Medical history of the futnre doubtless 
will record as one of the important, contributions to cluneal medunne 
of the past twenty years the general recognition of coronary throm- 
bosis ” If this is so, it is one more argument to support the posi ion 
so admirably outlined by Rufus Cole the. other day before tins body, that 
medicine — practical medicine-can now without apology hold up Us 
head among the company of the physical and biological sciences that, 
while perhaps more exact, are not inspired by ideals move lofty, methods 
more honest or results move far reaching and beneficial. Without Hr. 
Cole’s address, I should not have ventured to appear before you to 
present, a paper so largely clinical. With his address 1 plucked up 
enough courage to accept the very kind invitation to deliver this Ham on 
L ecture, an invitation Hint 1 regard as a high honor and for which T 
thank you most, sincerely. 
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SERIAL ELECTROCARDIOGRAPHIC STUDIES IN 
CORONARY THROMBOSIS 

Warren B. Cooksey, M.D., and Hugo A. Freund, M.D. 

Detroit, Mich. 

T HE electrocardiographic changes produced by coronary occlusion 
have been a matter of keen interest during the past twelve years. 
In 1918 Smith 1 first made electrocardiographic studies in dogs in which 
he had experimentally occluded various branches of the coronary 
arteries. In 1920 Pardee 2 presented “an electrocardiographic sign of 
coronary artery obstruction” which he felt was diagnostic. In 192S 
Parkinson and Bedford, 3 and in 1929 Levine and Brown 4 published 
their extensive studies in this disease. With the completion of this 
work, much data was available for an understanding of the electro- 
cardiographic findings in coronary occlusion. It was at first .believed 
that all cases would be associated with positive electrocardiographic 
changes, but instances have been disclosed of undoubted coronary oc- 
clusion in which no electrocardiographic evidence seemed present. To 
further complicate the picture, Scott, Feil and Katz 5 pointed out that 
positive ST changes in the electrocardiogram were sometimes present 
in pericardial effusion and in pericarditis. Kountz and Gruber 5 were 
able to produce experimental ST changes by the production of anoxemia. 
They did this by placing their animals in an atmosphere containing in- 
sufficient oxygen and also by powerful doses of a vaso-constrictor. More 
recently Shearer 7 has published a case of pneumonia in which positive 
ST changes were found in the electrocardiogram. 

Wc believe that the above findings may all be explained on the basis 
of delayed coronary flow or the result of a general or local anoxemia; 
furthermore, it has been our impression that if more frequent electro- 
cardiographic studies were made on undoubted cases of coronary throm- 
bosis, it would be possible to demonstrate changes which might not he 
brought out by single or occasional tracings. With this object in mind, 
we have attempted to make serial studies on every case of undoubted 
coronary thrombosis coming to us in private practice during the last 
two and one-half years. 

It has been our purpose to ascertain : (1) If any additional diagnostic 

criteria could be found by a more detailed study of such cases; (2) 
The degree of variability of the electrocardiographic waves found during 
the course of the disease; and (3) What if any prognostic significance 
could he attached to the various findings. 

We have followed a total of twenty-four cases and in every instance, 
there has been electrocardiographic evidence of the disease. In the ac- 
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eompan.vmg plates, thirteen of (hi* *«** »<* shown. 1W >><>' 
ported here, represent hearts in *l« only a single typuod "■ i l 
las obtained before deal!,, oases in win, -I, the study was urn,,,,,, led- 
or 1 racings so characteristic as to be merely a repetition. We hau> not 
attempted to reproduce every tracing taken in a series, but have selected 
only those which were most, significant. It will he noted that, the 
tracings vary a great deal from time to time. If we rely only on the 
findings of a single electrocardiographic examination, such a tracing 
would he very misleading. This may he said to he particularly true it 
one is seeking only ST changes or the typical cove-shaped 'f- waves first 
described by Pardee. While hath of these findings are of very frequent 
occurrence in coronary thrombosis, it is our feeling that the' <de h\ 
no moans always present at the time a tracing is first made. It is only 
by serial study that evidence of the nature of the patient s complaint 
is obtained. The following is a summary of the electrocardiographic 
findings which we have found diagnostic of coronary thrombosis. 

3. Deflections from the Iso-rterlric Lcvd of the ST or /i‘7 Interval . — 
This finding when of real significance is usually quite marked and a 
deviation must always be present in at least two leads. It is sometimes 
found in three leads. In this series there is deviation upward in heads 
11 and 111 in live eases (1, d, a, !), 13). Then* is deviation downward 
in Loads I and II in one ease (2); upward in Lead I, downward in 
Leads II and 111 in two eases (3. (i); and in one ease there is deviation 
downward in Lead 1 and upward in Leads II and 111 (10). The RT 
changes arc of striking character in every instance with one exception, 
which is noted in Case 3. In this case there is very slight UT change 
upward in Lead .1 and downward in Lead II with some possible change 
downward in Lead 1.11. It will he noted in this ease that it was only 
alter the end of iorty-iouv hours liiat the slight ST change gave way to 
the cove-shaped T-wnve in Lead 1. In a few cases the. RT deviation 
seems to reappear after the acute occlusion as in Cases 1. -1 and i>. 
As a rule however, the RT deviation usually disappears in a few hours 
or days and is replaced by the inverted cove-shaped T-wnve or some 
other significant deviation. 

2. The Cove-Shaped Negative T-Wavc, sometimes called the ‘‘Pardee 
T-wave of cardiac infarction,” appears frequently. However, in this 
series, there are two eases of proved coronary thrombosis in which a 
typical Pardee T-wave did not appear at any time even where tracings 

W “ C la '“ n , f tm h0 " VS !,flw «* on** (5, S). J„ Case. S, an antonsv 
was available. An extensive infarction was present in the left ventri- 
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Lons between these two extreme- A, w i ' ■ * * U la ' 

mo.'. As has been pointed out by Parkin- 
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sou and Bedford, the Pardee T-wave may entirely disappear after once 
being present. In this series it had entirely disappeared in four cases; 
in six months, ten months, twelve months and fourteen months respec- 
tively. In four cases the Pardee T-wave is still present at the end of 
eighteen months, twenty months, twenty-four months and thirty months, 
respectively. 

3. Changes in Amplitude. — (a) The most frequent alteration occurs 
in the QRS complex, as has been noted by Wearn 8 and others. To be 
of diagnostic significance, this change must take place in a short period 
of time. It is frequently of marked degree and when the fall is extreme, 
may be interpreted as an indication of extensive myocardial damage. 
In cases in which the QRS fell to one or two millimeters, a grave 
prognosis has usually been substantiated. We have noted a marked 
fall in amplitude in seven cases (4, 6, 8, 13 and three cases not included 
in this paper) . 

(b) While a change in the T-wave is frequently demonstrated from 
hour to hour, or day to day in coronary occlusion, this fact has not been 
sufficiently emphasized. We believe that a marked flattening of the 
T-wave without other changes occurring in a brief period of time is 
also an indication of a sudden profound change in the integrity of the 
myocardium. We know of no process which can produce this sudden 
change except coronary occlusion. While the flattening out of the T- 
wave is usually associated with a lowering of amplitude of all portions 
of the curve, this is not necessarily true. In Cases 4 and 8, this marked 
flattening out of the T-waves is evident. 

CASE HISTORIES 

Case 1. — A nude physician, aged 65 years, had been in good health previously. 
His systolic blood pressure was usually 135-145 mm. On December 30, 1928, he 
had just awakened when he was seized with severe substernal and precordial pain. 
He became pulseless and cyanotic. A nearby physician who came found him in a 
state of collapse. After the administration of morphine, his pain was relieved 
and he complained only of weakness. He refused to stay in bed longer than two 
weeks and in three weeks he was walking outside. Since the attack he has re- 
mained quite well, but suffers stenocardia on walking fast or against a cold wind. 

Case 2. — A business man aged G9 years, who had suffered an attack of transient 
hemiplegia in 191S. His blood Wassermann was strongly positive at that time. 
He had received vigorous anti-luetic treatment when lie would submit. On November 
15, 192S, he was awakened at 5 a.m. by a severe precordial pain. When seen by 
us shortly afterward, he was pulseless, his extremities were cold and his blood 
pressure was below 100 mm. systolic. After the administration of morphine, and 
caffeine sodium benzoate, his condition improved. His convalescence was prolonged 
but uneventful. At times since then he has had attacks of severe weakness and a 
sensation as if he would faint. We considered these attacks due to his cerebral 
syphilitic endarteritis. More rigid specific treatment has stopped them. There has 
never been any evidence of aortitis or aneurysm in this case. 

Case 3. — A Jewish housewife aged 49 years. Her average systolic blood pressure 
was 210 mm. and she was markedly overweight. She also had a moderately large 
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thyroid adenoma and had taken thyroid extract at one time. At 4 A.M., March 28, 
1929, she was awakened by substernal and precordial pain with radiation to the 
left arm. In a few minutes she vomited and insisted she was going to die. 'When 
seen in less than thirty minutes, she was pulseless, cyanotic and covered with beads 
of cold perspiration. Her blood pressure could not be obtained and there were 
numerous rales at both bases. After the administration of morphine (gr. %) and 
caffeine sodium benzoate, her condition improved. For two days following, her 
temperature reached 100.5 in the afternoon. No friction sounds were heard. Four- 
teen months later she had another mild attack for the relief of which a total of 
one grain of pantopon was required. On exertion she still complains of stenocardia 
and her systolic blood pressure is above 200. 

Case 4. — A general insurance agent aged 53 years. Fourteen months before he 
had suffered an attack of chest pain and subsequent fever. Coronary throm- 
bosis was not diagnosed at that time. He was seen four weeks later by another 
physician who took an electrocardiogram and insisted that the patient give up his 
work for one year. Three days before he was first seen by us, lie avoided an 
automobile accident only by strenuous effort on his part. Following this near ac- 
cident, he felt some chest discomfort and decided to have a pliysicial examination. 
He was ordered to bed but two days later we were called in emergency to his 
home where we found him suffering intense substernal pain. He was cold and 
already marked cardiac decompensation was present. His condition was grave for 
two days following this, but improvement occurred and he seemed to be progressing 
very satisfactorily. Signs of cardiac failure reappeared and five days following the 
onset of severe pain he died. Autopsy revealed an old and partically canalized 
thrombosis of the right descending coronary, a large infarction of the anterior wall 
of the left ventricle and a fresh thrombosis of the descending left coronary artery 
about 2 cm. from its union with the left circumflex artery. The coronary vessels 
were not markedly sclerosed as a whole but at the site of the fresh thrombus, marked 
ealicification was present for a distance of 1.5 cm. 

Case 5. — Automobile executive aged 39 years. He had rheumatic fever for three 
months at the age of 14 years, but considered himself unusually well. Two years 
previously, a general physical examination failed to reveal any abnormality of heart 
or blood pressure. On the morning of August 16, 1929, he was awakened by severe 
precordial pain of great intensity which radiated to both shoulders and down both 
arms to his finger tips. He said he felt as if he were going to die. After two 
hours, however, he had only dull pain and was finally driven to the factory where 
he was again seized with severe pain and collapsed. He was given morphine and 
when his condition permitted, he was taken to the hospital. At entry six hours 
after the onset of pain, his temperature was 100 and his pulse 100. The total white 
blood count was 19,200. Physical examination revealed very fault heart sounds 
and a blood pressure of 110 systolic and 80 diastolic. The following day a friction 
sound was audible over a limited area at the fourth interspace to the left of the 
sternum. In 48 hours his temperature was normal and he felt very little discom- 
fort. Five weeks after the onset he insisted on going to the bathroom after which 
precordial pain recurred. For the first time rales were audible in both bases. A 
more prolonged convalescence was uneventful. He now is moderately active and free 
from pain. 

Case 6. — Peal estate man aged 53 years. He had been a very heavy smoker 
all his life and at times a heavy drinker. Following a drinking bout in 1929, his 
blood pressure was found to be 170 systolic and 100 diastolic, but subsequently 
never exceeded 150 systolic. His apartment was on the fourth floor but in spite 
of the fact that there was no elevator, lie did not complain of cardiac symptoms. 
On the evening of October 12, 19.30, lie was lifting a heavy trunk when he felt 
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Fig. ;>.-A, two hours after complete collapse; F, two days after; G, one week after; D , one month after; J57, two months after; F, 
three months after; G-, four months after; H, fifteen months after. Note in A the high take-off of ST. This Is lost but reappears one 
and two months after the occlusion. A diphasic slightly cove-shaped T 1 and T 2 is present one week after the attack but does not appear 
thereafter. The great variability of findings are well shown. 
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some cliest discomfort. This slowly increased arid at 1:00 a.m., October 13, he 
walked downstairs and to a near-by hospital where the night doctor examined him 
but found nothing of significance. One grain of codein was given but without the 
slightest benefit. At 6:00 a.m. after five hours of agony, one of us was called to 
see him. He did not in any respect seem acutely ill. His color was good, the 
pulse 100, blood pressure 140 systolic and 90 diastolic. The heart sounds seemed 
as usual and there was no pulmonary congestion. He had no rise of temperature. 
One-fourth grain of morphine was given but in thirty minutes he was no better 
so that the dose was repeated with gradual relief. He localized the pain in the 
region of his sternum at about the level of the fourth interspace; there was no 
radiation. Entirely on the basis of the intensity of his pain, coronary thrombosis 
was diagnosed. During the first forty-eight hours his condition became critical. 
His temperature averaged 100.5 for four days. After this he felt very well. He 
was not allowed out of bed for ten weeks. His condition is very satisfactory 
at the present time, although he has not been allowed to leave his rooms. 

Case 7. — A housewife aged 59 years. She had had epileptic seizures for many 
years but of very infrequent occurrence. At times she complained of some dyspnea 
on climbing stairs but physical and electrocardiographic examination was normal. 
On the evening of April 2, 1928, she was alone in her home when burglars entered 
and at the point of a gun tied her to the bedpost. After they had looted the 
house, she released herself and ran screaming to her neighbors. After much excite- 
ment, she retired at 1 A.M. but one hour later had an epileptic seizure. She ap- 
peared very weak so a physician was called who found her almost pulseless. On 
the following day she had a very irregular pulse, a temperature of 101 E., and pro- 
fuse rales were found in both bases. For three days she complained of slight pain 
just beneath her clavicle on the left. Four days elapsed before coronary occlusion 
was diagnosed and then only after the electrocardiogram was seen. At the present 
time she has some palpitation and dyspnea on climbing stairs, but no precordial 
pain. 

Case 8. — A business man aged 70 years had complained of bronchitis for many 
years but had been unusually active and well. Following coitus on June 22, 1930, 
he felt some chest discomfort and by the next morning, this had increased. Mor- 
phine was finally required for relief, although his distress was not well defined. His 
blood pressure gradually fell to 100/60, the heart sounds were very faint and rftles 
appeared in both bases. His condition grew gradually worse, but after three days 
was much improved and he felt well. His blood pressure remained between 90 and 
100 systolic. The heart sounds improved and the rales disappeared from the chest. 
His temperature reached 101° F. during the first three days. On the second day 
after the onset, his white blood count was 18,000. On the morning of the seventh 
day ns he was about to eat his breakfast, he suddenly clutched his throat and was 
dead in a very few seconds. At autopsy the coronary vessels were found to be 
markedly sclerosed throughout and there was a softening thrombus completely oc- 
cluding the left descending branch. There was an extensive infarction of the left 
ventricle. 

Case 9. — Female, aged 70 years. She had complained of precordial and chest 
pain after excitement or exertion since November, 1928. Physical examination and 
electrocardiogram revealed no abnormalities but the blood pressure was 170 systolic 
and 90 diastolic. April 3, 1930, she complained of vise-like pain which came on 
after attending a moving picture. Again examination revealed nothing. May 1, 
1930, while visiting in Pittsburgh, she was seized with precordial pain which re- 
quired morphine every three hours to control. On May 23, she returned to Detroit 
where we noted an alteration in the electrocardiogram (Fig. 9-17). She remained 
quite well although she often complained of heaviness across her chest. On Novcm* 
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bcr 1 she began to have precordial pain witli radiation to the left arm especially 
involving tl.e loft thumb. The pain was so intense that she insisted she was >» g- 
When first, seen in this attack, she was slightly cyanotic, her pulse was 100 In 
perfectly regular. The blood pressure was 00 systolic and the lungs clc.ii. I 
condition rapidly grew worse and in twenty-four hours her temperature had risen 
to 100.8 degrees F. and her total white blood count was 12,000. Pales were never 
detected in the lungs and a friction sound was never audible. Tn four days she 
was comfortable although she complained of great weakness. She is still con- 
valescing. 


Case 10.— A business man, aged 70 years, lie had complained of procardia! 
pain for two years and his blood pressure was usually 180 systolic and 100 di- 
astolic. lie frequently used nitroglycerine for the relief of the stenocardia. On the 
morning of October 13, 1030, he was awakened at .1:00 a.m. with severe pain in 
his chest. When seen he was sitting up in bed presenting tbe appearance of ex- 
treme anguish. His color was ashen, the blood pressure below 100 systolic, there 
were profuse rales in both bases and the pnlsc was rapid and weak. His con- 
dition slowly grew worse and fourteen hours after the onset of pain, lie died. An 


autopsy was not obtained. 


Case 11.— A drug salesman, aged 50 years. In 1021 he was seen complaining of 
joint pains. At that time a systolic murmur was heard at the apex and aortic 
area. The blood pressure was 155 systolic and 00 diastolic. The blood "Wassermaun 
was negative. In February, 102S, he consulted us because of a dull discomfort 
across the upper chest which he thought was related to exertion. There was some 
radiation of the distress to both shoulders and arms. At this time a definite to-nnd- 
fro murmur was heard over the aortic area and the supraenrdiac dullness was in- 
creased. The Kolmor Wassermann was 1-3-3-0-0. lie was given anti-luetic treat- 
ment for a time and was definitely improved. Tn September, 102S, he began to 
complain of prccordinl pain on exertion. On September 25, 192S, lie was seized by 
excruciating and vise-like pain in the ulterior chest, and was unable to get out of 
bed. Morphine was required for twelve hours and the following day the temperature 
was slightly elevated. At the present time he has stenocardia on strenuous' exertion 
but the aortic widening and the to-nnd-fro murmur are unchanged. ITis blood 
pressure in December, 1930, was 120 systolic and SO diastolic. 


Case 12. — Merchant, aged G2 years. For three years he had complained of 
stenocardia on exertion and bad been told that lie had high blood pressure and 
nephritis. September 24, 1930, he began to have precordial pain which was more 
persistent and more severe than ever before and which was not entirely relieved 
by nitroglycerine. His blood pressure on October 7, 1930, was 170 systolic and 
100 diastolic, the heart sounds were very weak and there were rales at both bases. 
Prom then on his pressure began to fall and in two weeks had fallen to 100 
systolic. There were more rales at the bases. Though he often would go several 
days without any precordial pain, he had three attacks of groat severity. On 
November 10, 1930, he was awakened at 5:00 a.m. by an intense difficulty in 
breathing which his relatives described as of a “rattling” character. He could 

hardly speak and was in great anguish. In less than ton minutes he was dead 
Autopsy was refused. 

agCd 75 yeaxs - ** years he had complained 
of attacks of chest pain following exertion and had used nitroglycerine with some 

ief. On October 23, 1930, he complained of a steady and intense precordial 

nhinet 1 \ mtr °? lycerine did not relie ™- When examined a few hours after mor 
plane had been given, he was very comfortable the pulse was nn ti n , 

100 systolic and 60 diastolic and the heart so I o fai S PreS8Ure 

°" “• ■*>« at the CTeS 
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two weeks after : C, one month after and five days before sudden death. The 
was either a slowly Increasing one, or multiple occlusions. The falling amplitude 
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required morphine for relief of pain during the first week of this illness and after- 
ward for restlessness. His condition steadily failed and he died three weeks after 
the onset of his severe pain. 


COMMENT 

While we are not prepared to say that characteristic electrocardio- 
graphic changes always occur following acute coronary occlusion, never- 
theless it would seem that when serial studies are made, the proportion 
of positive findings is extremely high. In twenty-four consecutive 
cases studied serially, thirteen of which are shown herein, there have 
been positive electrocardiographic changes present in every case. As 
has been frequently shown in the past, the most common changes are 
RT deviation and the cove-shaped negative T-wave. The RT deviation 
has occurred in eleven out of sixteen cases and the cove-shaped nega- 
tive T-wave has occurred in twelve out of sixteen cases. 

Aside from the two more frequent findings just mentioned, we should 
like also to emphasize the importance of a marked fall in amplitude of 
the QRS complex. When there is available a previous curve for com- 
parison, or when a marked fall occurs in a few hours’ time, then coronary 
occlusion with subsequent myocardial softening may well be suspected. 
In this series a marked fall in amplitude is noted in seven out of sixteen 
cases. In one case it was of very real diagnostic benefit (8), for the on- 
set of the patient’s illness was not typical and when first seen he did not 
seem gravely ill. The first electrocardiogram, however, revealed an ir- 
regular rhythm and very low QRS voltage. In less than twenty-four 
hours this low amplitude dropped to a lower level. After remaining 
low for six days the patient seemed clinically well but died suddenly on 
the seventh day of his illness. 

Changes in the T-wave were very frequent in the course of this serial 
study. Before a typical cove-shaped negative T-wave appears, there 
often occurs a flattening out of the T-wave. When there is a marked 
fall in amplitude of the QRS as in Cases 4 and 8, the T-wave suffers 
similarly by its flattening out. We feel that such a change occurring 
in the course of a few hours can only mean sudden profound damage 
to the myocardium. Acute coronary occlusion with infarction is with- 
out question the most common cause of such an event. Usually a poor 
prognosis is indicated where a marked fall of amplitude of the QRS 
either persists at a very low level or is constantly progressive beyond 
the first week or ten days. Four such eases were observed and only one 
of them (6) has survived. 


oUMMAKl 

Serial studies were made on twenty-four eases of acute coronary occlr 
sion. Positive electrocardiographic evidence is present in every cas 
ie importance of taking consecutive electrocardiograms in suspeete 
cases is emphasized. The changes of diagnostic significance are 
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1. Deviation of the RT or ST interval. This change occurred in 11 
of sixteen cases. 

2. Development of the cove-shaped negative T-wave, first described 
by Pardee. This change occurred in twelve of sixteen eases. 

3. Marked fall in amplitude of the QRS complex in a short space of 
time. This occurred in seven of sixteen cases. 

4. Flattening out of the T-wave in a brief period of time. This change 
occurred occasionally preceding the development of the cove-shaped 
negative T-wave. It was marked in two cases which did not develop the 
typical cove-shaped T. 

When a marked or progressive fall in amplitude of the QRS complex 
is seen, a poor prognosis is strongly suggested. Four cases revealed 
such a change and only one has survived the attack. 
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FACTORS FAVORING THE ONSET AND CONTINUATION OF 

RHEUMATIC FEVER* i 


TIomek F. Snvifp, M.D. 
New Yohic, N. Y. 


D URING the past three decades o\ir ideas concerning rheumatic fever 
have undergone striking evolution, as evidenced by the change in 
nomenclature from acute articular rheumatism to acute rheumatic fe- 
ver, and finally to rheumatic fever. True it is that the older terms still 
hold, and rightly so when used to describe particular forms of the infec- 
tion; but too often one is employed synonymously with another. It is 
unfortunate that with increasing knowledge of the condition there can- 
not be devised a new term sufficiently extensive to embrace all of its 
manifestations, yet distinctive enough to separate it as a nosological 
entity. The introduction of the terms “infectious rheumatism’' 1 and 
“rheumatic granulomatosis” 2 are attempts in this direction; but having 
only pathological or bacteriological significance they offer little if -any 
advantage over the term rheumatic fever, which at least has background 
in clinical experience. 

Objections to the use of this term are twofold: (1) The adjective 
“rheumatic” to most persons signifies arthritis or muscular pain, and 
(2) some of the manifestations of activity — notably chorea — are fre- 
quently not accompanied by fever. To this one may reply, first, that 
the original meaning of the term “rheum a” was a morbid process flow- 
ing from one organ or tissue to another; hence it still retains its de- 
scriptive value; and, second, that regular consistent use of the ther- 
mometer would reveal some degree of pyrexia during certain periods 
of most attacks; therefore, fever still remains one of our most valuable 
guides of persisting infection. 

Another point deserves attention; if the term rheumatic fever is 
substituted merely for the expression, acute articular rheumatism, our 
nomenclature lias suffered a loss, because the second signifies acutely 
swollen joints. When, on the other hand, it is used to include all of 
the manifestations of the infection in the same manner as tuberculosis 
includes all types of the disease induced by the tubercle bacillus, then 
does it have distinct descriptive value. 


To many it seems well to delete the word acute because in the ma- 
jority of cases the infection is long-standing. Only when rapidly 
fatal> or 111 tll0se ea ses with a monocyclic .course may the adjective 


nigl^^ctober'Io^lOSa^ YOrk ****"* oI Medidnc ^rt of the Graduate Fort- 
fFrom the Hospital of the Rockefeller Institute for Medical Research, New York. 
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' ‘ acute ’ ’ -be properly applied, but even then we must be certain that 
the infection has become permanently inactive. For example, we do not 
picture syphilis as acute even though the roseola disappears within two 
weeks; likewise it may be better not to. use any single manifestation 
of rheumatic fever as an index of chronicity. 

Historically the conception of rheumatic fever began with rheu- 
matic polyarthritis; a century has elapsed since the recognition of the 
importance of involvement of the valvular endocardium; fifty years 
ago the nature of the subcutaneous nodule was noted; twenty-five years 
later its analogue in the submiliary myocardial nodule — the Aschoff 
body — was described; and within the past decade the extent of the 
vascular lesions has been appreciated. In the meantime with an im- 
provement in the general economic state of society, together with ex- 
tensive use of salicylates, the clinical picture has apparently changed. 
Hyperpyrexia rlieumatica has become a medical curiosity, and accord- 
ing to old clinicians rheumatic polyarthritis is less severe. But whether 
there has been a corresponding amelioration in carditis and chorea one 
may well doubt. Knowledge gained from contemporary graphic meth- 
ods of recording cardiac abnormalities renders difficult comparison with 
statistics obtained in other ways; but figures such as presented by 
Ehrstrom and Wahlberg 3 in Helsingfors indicate that there has been 
no diminution in the incidence of chronic rheumatic heart disease from 
the administration of salicylates; and according to recent statistics it 
still seems that rheumatic fever is the largest single factor in the causa- 
tion of heart disease . 4 

May it not then be of greater value to apply another method of 
historical approach, beginning in childhood and following the various 
manners of the unfolding of the infection, rather than to orient our- 
selves from the disease in adults where it is less frequent even though 
more acute, and where severe cardiac damage is relatively less common. 

But before ti’acing the clinical course it may be well to reconstruct 
a background of histopathological tissue changes. What does the micro- 
scope show us concerning the nature of the infection? Aschoff’s de- 
scription of the submiliary nodules arising in the loose connective tissue 
septa in the myocardium furnished a structural archetype to which 
alterations in other tissues might be compared. The discussion which 
has centered about this nodule has at times diverted attention aw r ay 
from the fact that other lesions, possibly not quite so regular in their 
cellular structure, might be just as characteristic. One need only men- 
tion the subcutaneous nodule. The important factors to recall are 
the type of tissues and organs involved, and the manner of evolution 
of the lesions; one may then attempt to construct from these factors 
or elements a hypothesis of the nature of the infection. 

In the Aschoff body there is a minute central area of broken collagen 
fibers, surrounded by large cells probably derived from locally stim- 
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dated connective tissue. At times there arc seen polymorphonuclear 
cells, lymphocytes and plasma cells; and finally fibroblasts leading 
eventually to a scar. The subcutaneous nodule shows qualitatively sim- 
ilar tissue injury and cellular response, but with different, quantitative 
distribution of the component, parts; the connective tissue degeneration 
is often more massive, the groups of large mononuclear cells are more 
numerous. Frequently a. large nodule is apparently formed as a con- 
glomeration of smaller nodules. In. places large basophilic mononu- 
clear cells seem to arise from vessel walls. Relatively few polvmor- 
phonuclcars are present. If now we examine the joints another but. 
related picture appears. The peri-articular tendons and ligaments show 
numerous microscopic areas in form of nodules or longues, most, hav- 
ing necrotic centers and surrounding proliferated cells. The synovia 
shows palisading of its lining layer, and minute foci with central 
necrosis with surrounding collars of cells. Diffuse infiltrations of poly- 
morphonuclears are common. The peri-articular tissues arc infiltrated 
with serum which in part contributes to the familiar swollen joint; 
and there is destruction of muscle fibers at the musculo-tcndinous junc- 
tions. 2 ’ r ’’ R In other words, the minute focal and vascular lesions about, 
the joints are numerous, and exudation is widespread. Involvement of 
the pleura and pericardium shows similar exudative tendency, hut in the 
substance of these membranes are often foci comparable with the Aschoff 
bodies. In the auricular endocardium there arc similar tissue and cellu- 
lar changes, but these arc arranged in streaks and plaques without, in- 
terruption in the continuity of the lining endothelium. 7 ’ s In the valves 
on first sight appears another picture, for the endocardium is broken 
and thrombotic vomicae are often, though not always, laid down at the 
site of impact of the leaflets. But throughout the substance of the 
valve and in the chordae may often he seen broken collagen material, 
proliferative cells and infiltrations like that of the auricular endocar- 
dium; at times they arc arranged in typical Aschoff bodies. As so 
beautifully shown by von Glahn and Pappcnlicimcv 0 and others, many 
portions of the vascular system are similarly involved. In the aorta 
focal lesions follow branches of the vnsa vasorum; but. smaller arteries 
have areas of end- and mesavteritis, always accompanied by focal de- 
struction of connective or elastic tissue. In the peritonsillar, naso- 
pharyngeal and intestinal blood vessels Holsti 10 has demonstrated ex- 
tensive endarteritis verrucosa. In the peritonsillar capsule near the 
points of attachment of the pharyngeal muscles MacLachlan and 
uchey , 11 Graff 12 and others have described areas very similar to Aschoff 
bodies, and also in the tongue about the lingual tonsils. Graff applies 

X m t0 °' esc Peritonsillar lesions because of 

neir hypothetical role as sU.es whence the infectious agent is distributed 

of twLT ° f l h ° b ° d f- H ° thhlkS *' lat thc Pathological condition 
the blood vessels supplying these lesions favors such a distribution. 
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The striking picture of the Aschoff body cells has, moreover, attracted 
attention away from what appears to be the initial injury to the con- 
nective tissue fibers. Von Glahn and Pappenheimer have 'frequently 
described the granular broken appearance of these fibers, and many 
have seen the fibrin-like staining infiltration in the foci; but recently 
IQinge 13 claims that the primary change is a minute focal “fibrinoid 
swelling” of the intercellular mesenchymal ground substance; which 
swelling leads secondarily to a fraying out and altered staining reac- 
tion of the collagen fibers and fragmentation of the elastica. He also 
describes waxy degenerations of individual muscle fibers with sec- 
ondary proliferation of the perimysium. 

It thus appears that rheumatic fever instead of affecting any one 
set of organs is a disease primarily of the connective tissue, or, in 
Hueck V 4 words, of the mesenchymal system. Those structures com- 
posed chiefly of connective tissue, and specially subject to functional 
stress and strain and undergoing active motion appear to be the most 
vulnerable. Interference with the function of these moving structures 
may, however, detract attention from unobtrusive lesions in other or- 
gans, such as recently described by Paul 15 in a rheumatic perihepatitis 
with characteristic lesions in the underlying blood vessels. Rheumatic 
vasculitis in the kidneys has been described by Fahr, 1G Evans 17 and 
others; and symptoms of appendicitis, intimately associated with gen- 
eralized rheumatic fever, point to a similar involvement of at least one 
portion of the intestinal tract. A constantly growing literature on 
pulmonary lesions in this disease indicates also how the lower as well 
as the upper portion of the respiratory tract may be involved. 

A knowledge of the numerous points and tissues where the infec- 
tious agent attacks the body gives us another standard with which 
to judge rheumatic fever. If so many organs or tissues are simulta- 
neously involved, there is every reason to suppose that they may also be 
individually and successively implicated. In fact, pediatricians have 
long appreciated the tendency of children to show first one and then 
another of the so-called rheumatic series ; 15 and that not until after the 
lapse of years might enough members of this series have appeared to 
render certain a diagnosis. Monosymptomatic signs of disease are dif- 
ficult of interpretation unless sufficiently characteristic to have diag- 
nostic specificity; for example, the various cutaneous syphilides. But 
in order to form correct judgment concerning visceral lesions it is 
often necessary to have concomitant clinical signs or specific laboratory 
aids. 

Unfortunately in the ease of rheumatic fever no specific laboratory 
test is at hand; some of the concomitant, easily visible manifestations, 
such as tonsillitis, arc too nonspecific to furnish much needed assistance. 
But in these very nonspecific signs we may possess most important aids 
to understanding the nature of the infection; and in tracing the life 
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history of rheumatic fever it is essential to note their occurrence and 
then try to interpret their influence upon the course of the malady. 

The causation of many chronic diseases is usually the algebraic sum 
of a number of factors rather than the exclusive action of any one. 
Infection is the result of interaction between an animal host and an 
infecting parasite in which many variables are too subtle for laboratory 
measurement. Moreover, the study of the life history of chronic dis- 
ease in the patient gives us many useful hints as to the nature of the 
illness, and often furnishes therapeutic indications. For example, we 
now know that the presence of tubercle bacilli in a body does not 
necessarily indicate active tuberculosis. Certain environmental condi- 
tions favor the spread of the lesions; others favor their regression. In- 
deed, a study of these latter conditions has furnished us with some of 
our most important weapons against this disease; and comparable 
knowledge may conceivably have a similar effect in rheumatic fever. 

Geographically the disease seems to be essentially one of the tem- 
perate zone. Clarke 19 has recently marshalled most convincing evidence 
indicating that in the true tropics it is fifteen to twenty times less fre- 
quent than in Europe. Studies by the Seegals 20 indicate, moreover, that 
the infection is less common in the southern part of this country; and 
observations 31 from New Orleans show that when present in the South 
it runs a milder course than in the North. The ultimate effect of re- 
moving rheumatic subjects to hot or dry climates is, however, still a 
matter for investigation. 

Statistics also show that obvious rheumatic fever is from fifteen to 
twenty times more frequent among the laboring classes than in those 
forming the bulk of private practice. But many physicians can testify 
concerning its existence and tendency to progress in patients living 
under apparently ideal home surroundings. Another viewpoint has 
been advanced to the effect that among persons in better economic con- 
ditions the infection may have relatively more monosymptom atic forms 
and hence lead more frequently to cardiac damage without obvious gen- 
eral symptoms. 

Infants and very young children are relatively free from the dis- 
ease, and, even though cases appear in children of from two to four 
years, the curve of frequency of first attacks does not begin its steep 
ascent until about the age of five or six years. It then rises steadily un- 
til the period from nine to eleven years when it begins to fall. First 
attacks are relatively much more rare in adults than in children. The 
studies of Wilson, Lingg, and Croxford 33 indicate, moreover, that chil- 
dren suffering from the infection tend to have fewer obvious relapses 
alter the age of eleven or twelve years. Thus a condition of resistance 
seems to begin to develop about the age of puberty. But the period of 
greatest incidence of new cases during the first few years of school life 

worthy of emphasis. Is it the result of intimate contact like that 
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seen in measles, or is it dne to an age-linked liypersensitiveness ? The 
experience of many observers teaches that the infection is progressing 
steadily in the hearts of many children while avoiding other organs. 
For example, Sutton 23 found in the Bellevue Hospital IS per cent of 
427 rheumatic children to have well-developed rheumatic carditis with- 
out a previous history of either polyarthritis or chorea. 

An apparent precursory factor in a majority of cases is repeated 
infection in the respiratory tract, often in the form of tonsillitis, sinu- 
sitis, middle ear disease, or bronchitis. In our experience so frequent 
has been the occurrence of acute tonsillitis within from one to five 
weeks of an acute attack that we now date the duration of a given 
attack from the onset of tonsillitis. But more detailed investigation 
of the previous state of health of patients usually reveals an earlier 
history of repeated sore throats, otitis media, or of recurring or almost 
continuous sinusitis. Not infrequently closer questioning discloses mild 
joint or growing pains with these upper respiratory infections. Coates 
and Thomas, 24 Coates and Coombs, 25 and Vining, 26 all report the find- 
ing of small subcutaneous granules in a fairly high percentage of school 
children. Whether or not these are genuine rheumatic subcutaneous 
nodules is a moot point; but their alleged demonstration by serious 
students of the disease should stimulate renewed investigation, because 
extensive painless nodules have been frequently observed in children 
having no other symptoms of sufficient severity to incapacitate them. 

Other conditions in many children preliminary to an acute attack 
are loss of weight, anorexia, and general signs of mild intoxication. To 
these Vining has applied the term “toxic debility,” and found that 
many of his rheumatic youngsters had in addition a history of in- 
testinal disturbance of sufficient severity to point to the intestinal tract 
as an area whence the infectious agent might be spread throughout 
the body. The greater liability of children of the poorer classes to 
suffer disorders of malnutrition or to be deprived of certain accessory 
food substances suggests that possibly these are elements leading to a 
higher incidence of the disease among such individuals compared with 
people living on a higher economic scale. Recent studies of rheumatic 
children in out-patient departments furnish additional support con- 
cerning the influence of nutrition, in that loss of weight has been found 
to be one of the most common precursors of a relapse. 

Recurrences of symptoms sufficiently severe to be called time re- 
lapses are commonly observed in children year after year; but symptoms 
and signs too mild to attract much attention not infrequently occur 
between relapses. For example, Shapiro 27 has recently noted electro- 
cardiographic evidence of active cardiac damage in at least 60 per cent 
of 119 school children following apparently complete recovery from 
an acute attack; and Levy and Turner 28 have recorded electrocardio- 
graphic abnormalities weeks and months before the onset of acute symp- 
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toms. Persistent low-grade leueocytosis, unexplained on grounds other 
than that of persisting rheumatic infection, is not. infrequent. Several of 
our patients have observed recurring erythema marginatum for months 
without appreciating its significance until more incapacitating man- 
ifestations forced them to seek hospital care, and Ihe continuance of 
this peculiar rash for weeks or months following subsidence of acute, 
arthritis not infrequently is an index of continuing infection. 

Not only are such pictures seen in children, in whom we have learned 
to expect repeated relapses, but a similar history is not. rare in adults 
when sought with sufficient care. For example, a man. aged thirty-three 
years, in good circumstances gave a history of acute tonsillitis in 192 ( .) 
followed by acute rheumatic polyarthritis, then by tonsillectomy. In 
the winter of 1030 he had sore throat followed by a similar polyarthritis. 
But. more careful questioning revealed repeated pharyngitis for eight 
to ten years previously, several attacks of sinusitis and recurring pain 
in the neck and back of sufficient severity to make movements difficult. 
It. does not appear unreasonable to suppose that during the previous 
years he was suffering from mild rheumatic infection which was not 
brought to acute intensity until his iirst attack of severe tonsillitis. Such 
histories are not rare. 


That tonsillitis plays an important role in precipitating many acute 
attacks of rheumatic fever we can accept, as fairly well established. 
Where both diseases are reportable, the peak of the curve of the former 
antedates that of the latter by about two weeks. Glover, 20 in presenting 
details concerning several concomitant, epidemics of these two con- 
ditions. advances the theory that they are spread by droplet infection 
which must reach a certain intensity before the resulting diseases reach 
epidemic proportions. In one outbreak carefully studied, the carrier 
rate for meningococci and the incidence of cerebrospinal meningitis 
and of rheumatic fever ran parallel; and this suggests that, similar in- 
fluences were at. play in causing an increase in all three conditions. 
With a diminution in crowding there was a disappearance of both 
diseases, and with renewed crowding there was a return of nil equal 
number of each. While these appeared 1o be primary attacks of 
lhcumalic fever, one would like information concerning the previous 
history of the rheumatic individuals. Such questions are raised by 
the study of epidemics among children with rheumatic heart, disease 
or convalescent from rheumatic fever, such as reported by Boas and 
Schwartz, 30 and Hiller and Gracf. 31 In the first, epidemic reported by 
the former group there were four eases of bronchopneumonia, accom- 
panied by rheumatic carditis and one ease of acute tonsillitis; in the 
second, although the precursory respiratory infection was not so marked, 
s 1 1 acute rheumatic exacerbations developed in six boys in rapid suc- 
cession Among 19 nonrheumatic children in the same wards, none 
su tered from rheumatic fever, while in 22 previously rheumatic sub- 
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jeets 11 developed acute rheumatic fever. In the epidemic reported 
by Hiller and Graef there were 43 children exposed, of whom 39 prob- 
ably were previously rheumatic. Within five days of arrival at the 
camp there were twelve cases of upper respiratory infection, and within 
five weeks ten cases of polyarthritis, one of chorea, two of broncho- 
pneumonia, one of acute bronchitis, and one of tonsillitis, pericarditis 
and pneumonia. Unfortunately the exact relationship of the upper 
respiratory infections to polyarthritis in each case was not recorded; 
nevertheless the high incidence of acute exacerbations of the disease 
in previously rheumatic children is worthy of emphasis, as is also the 
occurrence of severe pulmonary infection. 

Scarlet fever is another disease intimately associated both with first 
attacks and with relapses of rheumatic fever. Some clinicians state 
that this disease in previously rheumatic children is practically always 
followed b} r acute manifestations of rheumatic fever. This suggests 
the possibility of comparable influences in all of the above mentioned 
epidemics, namely upper respiratory infection. 

I realize fully the possibility of at least two interpretations of the 
phenomena described: (1) That rheumatic fever may be due to an 
unknown virus which may long lie latent in the body, and be incited 
to renewed activity because of the depressing influence of the acute 
respiratory infection; (2) on the other hand, it is possible that re- 
peated and persisting low-grade infections induce or are accompanied 
by tissue changes too mild to be dignified by the name rheumatic fever, 
and that only with a stormy acute infection such as tonsillitis, or with 
invasion of the pulmonary tract by streptococci are the accompanying 
morbid processes raised above the clinical horizon. In either case the 
conditions existing prior to the attack of acute rheumatic fever are 
worthy of more detailed study than they usually receive. 

To illustrate this point let us consider another group in which a 
contagious element may exist — the family. Since St. Lawrence’s 3 " 
report eight years ago showing the incidence of multiple cases of rheu- 
matice fever in a group of families to be as high as that of tuberculosis, 
Hi ere have been several confirmatory studies. It now appears that in 
a rheumatic family with one case the probability of occurrence of a 
second case is three or four times as great as in a family previously 
free from the disease. Although the various factors favoring the de- 
velopment of rheumatic fever may be almost as difficult of analysis 
within a family as in any other group, the family as a unit offers a 
promising field for investigation. For example, several years ago we 
learned that the mother of one of our rheumatic children frequently 
had sore throats within a short time of the appearance of relapses m 
the child. Following the removal of badly diseased tonsils in the mother 
her sore throat ceased, and since then the child has been free from 
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recurrences. Last winter a boy was admitted to the hospital with 
the following recent history of acute infections in himself, his mother, 

and sister: 

First day, onset of grippe in patient and sister. 

Second day, patient, better; sister developed rash. 

Eighth day, mother developed grippe with severe pain in back; sis- 
ter recovered and lost rash. 

Twelfth day, mother recovered. 

Fourteenth day, patient, developed fever and beginning polyarthritis. 
Sixteenth day, patient had evidence of severe myocarditis. 

Nineteenth day, patient had signs of pericarditis. 

Sneh a history of contagion reminds one of the concomitant, respira- 
tory infections in the epidemics mentioned above and suggests the pos- 
sibility of atypical nondiagnostic manifestations in the sister and 
mother. Indeed, a correlation of all of the illnesses of the members 
of fifteen rheumatic families by Paul and Salinger 33 has already yielded 
important data along these lines. They have shown that both primary 
and secondary attacks of rheumatic fever in certain members of a 
family have been accompanied by the simultaneous appearance of recog- 
nizable rheumatic fever in other members of the family, and not, in- 
frequently by the appearance of such nonspecific affections as sore 
throat, bronchitis, bronchopneumonia and skin rashes. They found in 
addition that the disease spread more frequently to the children under 
twelve years of age than to the older children and adults. Another 
striking feature among these families was the frequency with which 
so-called nonspecific respiratory infections occurred before the appear- 
ance of characteristic rheumatic fever. If an extension of this type of 
investigation yields similar data, we shall he in a position 1o formulate 
preventive measures not heretofore applied. Indeed, the information 
already available from the several reports above reviewed together with 
those of Andrieu, 34 Grcncl, 35 Irvinc-Joncs 30 and others suggests strongly 
the communicable nature of the infection. The time when health au- 
thorities will recognize this feature of the disease and attempt to as- 
semble data compiled from compulsory notification may he nearer than 
we can now foresee. The numerical and economic importance of the 
problem far outweighs that of poliomyelitis, encephalitis, leprosy, and 
many other reportable diseases. 

One more feature deserves attention: the hypersensitiveness of pa- 
tients with rheumatic fever to streptococcal products, which has been 
oimd by most observers to he higher than in any other disease. One 
must admit that such hypersensitivencss is found in many nonrheumatic 
persons; hence these skin tests have not diagnostic specificity. But it 
ms offered a possible explanation of certain peculiarities of the dis- 
ease ‘ Mackenzie and Hanger, 38 Kaiser 39 and Ando 10 have all shown 
11S y P e hypersensitivencss to be rare or absent in infancy and to 
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increase in relative frequency with each half decade up to the period 
of adult life. In Duckett Jones’s 41 experience over 95 per cent of rheu- 
matic children gave positive reactions to a filtrate of a single strain of 
indifferent streptococci. Derick and Pulton 42 have recently found skin 
hypersensitivity to hemolytic streptococcal nucleoproteins in 88 per cent 
of rheumatic children between six and ten years of age compared with 
only 12 per cent in nonrheumatic children, surely a most significant 
difference, when it is noted that 88 per cent of their entire 
group of rheumatic fever patients gave positive reactions. It thus 
seems that hypersensitiveness to streptococci which appears with ad- 
vancing years in many individuals occurs much earlier in rheumatic 
fever patients. Probably the repeated respiratory infections already 
so frequently mentioned are factors in conditioning a high sensitivity 
to streptococci; and it does not seem improbable that the condition 
recognized as acute rheumatic fever is incited by intense, focal infec- 
tions such as acute tonsillitis, or otitis media — both due to hemolytic 
streptococci — occurring in already somewhat hypersensitive bodies. On 
the other hand, it must be recognized that we do not know definitely 
whether the relationship between streptococcal hypersensitiveness and 
rheumatic fever is causal or merely concomitant. Its existence, how- 
ever, gives us a definite point of attack, 43 for could we influence it in 
one direction or another we would have an index with which to judge 
the effect of certain therapeutic efforts. 

SUMMARY 

Rheumatic fever is one of the most important of diseases econom- 
ically, not only because of its acute manifestations, but also because of 
its role in the production of between 30 and 40 per cent of chronic 
cardiac disease in the latitude of the North Atlantic States. Micro- 
scopic findings indicate it to be a widespread disease involving by 
preference mesenchymal structures or mesenchymal portions of par- 
enchymatous organs. Physiological stress and strain appear to favor 
localization of its manifestations, although it may be locally active 
without giving rise to symptoms; and various vulnerable organs may 
be either simultaneously or independently involved. 

A number of factors appear to have causative relationships. Climatic - 
conditions such as exist in temperate zones in winter favor its de- 
velopment; while sunny dry summers and tropical weather inhibit or 
prevent its evolution. Among the poorer classes it is from fifteen to 
twenty times more prevalent than in persons better housed and fed. 
Malnutrition and mild toxic states are frequent precursors of charac- 
teristic attacks. Most patients, both children and adults, give a history 
of repeated nonspecific infections of the respiratory tract, tonsils, 
sinuses, or middle ear, extending over several years, before a typical 
attack of rheumatic fever is ushered in by a severe focal infection. 
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Persons in intimate contact with patients during acute outbursts of 
rheumatic fever not infrequently suffer simultaneously from upper 
respiratory infections, or from typical rheumatic fever; hence there 
seems to he a distinct communicable factor favoring its spread. Be- 
cause chronicity and relapses are so frequent, and crippling cardiac 
damage is of such gradual evolution, and finally because laboratory 
tests often reveal activity in periods between attacks, it seems justifiable 
to consider the infection to be characterized by long periods of prepara- 
tion or sensitization of the. tissues, the result; of repeated mild infec- 
tion before a more intense focal infection sets off the violent explosion 
recognized as acute rheumatic fever. Similar mild infections, more- 
over, apparently favor the continuation of true rheumatic activity in 
viscera already involved. It seems logical, therefore, to regard these, 
preparatory periods and mild chronic infections between acute out- 
breaks as essential parts of the morbid process; hence our therapeutic 
and prophylactic efforts should be directed against them as well as 
against the more acute manifestations of the disease. 

Note at time of correction of proof: While this article was in press t lie mono- 
graph 44 of Coburn appeared which presents much valuable additional evidence 
concerning the chronic and contagious nature of rheumatic fever; its geographic, 
distribution; the high degree of cutaneous sensitivity of rheumatic fever patients 
to hemolytic streptococcal nucleoprotein ; and finally a striking parallelism between 
an increase of hemolytic streptococci in the upper respiratory tract and relapses 
in patients with the disease, lie apparently wishes to designate the malady as 
the “rheumatic state” and only recognizes “rheumatic fever” when it is di- 
agnostically clear cut. 
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THE INTERPRETATION OF THE INITIAL DEFLECTIONS OF 
THE VENTRICULAR COMPLEX OF THE 
ELECTROCARDIOGRAM* 

Frank N. Wilson, M.D., A. Garrard Macleod, M.D., and 
Paul S. Barker, M.D., Ann Arbor, Mich. 

introduction 

B ARKER, Maelcod and Alexander 1 have recently reported a scries 
of observations upon the exposed human heart which strongly sug- 
gests that the clinical electrocardiograms currently ascribed to right 
bundle-branch block are, in reality, due to left bundle-branch block 
and vice versa. This conclusion, if accepted, involves something more 
than a mere change in electrocardiographic nomenclature; it is in con- 
flict with the prevailing views regarding the origin of the initial 
ventricular deflections of the normal electrocardiogram and of those 
curves now attributed to preponderant hypertrophy of the one or the 
other ventricle. These views, long held and almost universally ac- 
cepted, were originally advanced by Lewis . 2 Based by him upon his 
careful and exhaustive study of the excitatory process in the vertebrate 
heart, they rest upon a foundation which has always seemed secure 
from both the experimental and the theoretical standpoint. 

Nevertheless it seems to us impossible to reconcile these views with 
the observations upon the human heart referred to, and we therefore 
propose to reexamine the observations made by Lewis and his as- 
sociates in order to determine whether they may justifiably be in- 
terpreted in such a manner as to avoid this conflict. 

a fundamental hypothesis 

We may point out at the outset that we are in complete agreement 
with Lewis regarding the significance of the electrical axis, determined 
bj means of Eintlioven’s triangle. We believe, as does lie, that at any 
given instant this axis points in the direction in which, on the average, 
the excitatory process is at that moment spreading. In other words, 
the direction of the electric force produced by the excitation of any 
muscle unit is determined by the direction in which that unit is 
activated, and not at all, as was at one time thought, by its position in 
space with respect to the muscle mass, as a whole, of which it is a part. 

Thi S hypothesis was advanced by Lewis in order to explain his ex- 
perimental results; it was discussed with Einthoven and accepted by 
Un Y and 11 is ft accord with the results obtained by Craib 4 in his ex- 
pcnmciits upon isolated strips of cardiac muscle. Recently, we have 
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attention. Cardiologists have apparently avoided the dilemma by as- 
suming, consciously or unconsciously, that the electric forces produced 
by the activation of the lateral wall of the right ventricle persist so 
long as this muscle remains in the active state, or at least until they 
are neutralized by the forces produced by the activation of the left 
ventricle. This method of avoiding the difficultly, however, involves the 
simultaneous acceptance of two theories which cannot be reconciled. It 
is impossible to hold that the electrical axis at any instant points in the 
direction in which, on the average, the excitatoiy process is spreading, 
and to believe at the same time that cardiac muscle continues to pro- 
duce electric currents after it is fully active. The two theories which 
Lewis 7 has called the “theory of limited potential differences” and 
the “theory of distributed potential differences ” are incompatible 
with one another and cannot be successfully combined. 

It is apparent, therefore, that the current interpretation of human 
branch-block curves is not entirely satisfactory. The difficulty which 



Ax = %y 
= % S 

Fig. 1. 

we have referred to is fairly obvious. There are a number of others 
which are less easy to make evident. The nature of these difficulties 
and the manner in which they may be avoided can best be brought out 
by a discussion of some simple theoretical experiments. 

ANALYSIS OF THE ELECTRICAL EFFECTS PRODUCED BY A MUSCLE STRIP 

Let us suppose that AB (Fig. 1) is a short narrow strip of uninjured 
cardiac muscle immersed in a large quantity of Ringer’s solution, and 
that two nonpolarizable electrodes, in contact with this solution at R 
and S, are attached to the right- and left-hand terminals of the string 
galvanometer respectively. If the muscle is stimulated at x, a point 
equidistant from R and S, the excitation process set up will spread to 
the right and to the left and will reach A and y, which are equidistant 
from x simultaneously. During this period the currents produced b> 
the spread of the excitation process to the right (toward A) will be 
exactly neutralized by the currents produced by the spread of the 
excitation process to the left and the galvanometer sti'ing will remain 
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in tlic zero position. The currents produced by the activation of that 
part of the muscle lying between // and /> will not, however, be opposed 
ancl will produce an upward deflection indicating relative negativity oi 
H respect to S. During the inscription of Ibis deflection the 

electrical axis will at all times point, from the point, of stimulation In- 
ward the center of the muscle. The absence oT any deflection in tbe 
lend RS. during the period when the excitation process is spreading 
from x to A and to y, is dependent upon the assumption that R and S 
are equidistant from .t,, Suppose that instead of this indirect lead, a 
direct lead is employed in which the right-hand electrode at R is placed 
in contact with the end of the muscle at. -,-i and the left-hand electrode 
is allowed to remain at S. If S is distant from tbe muscle, the potential 
variations of the exploring electrode at A. will be so much greater than 
those taking place at the electrode at S that tbe latter may be neglected. 
Inasmuch as the muscle units lying between x and A are much closer to 
the exploring electrode than the muscle units lying between x and y tbe 
activation of the former will have a much greater effect upon the 
potential of this electrode than the latter. Consequently, the electrode 
at A will be relatively positive with respect 1o the electrode at S and 
the galvanometer will record a downward deflection during t lie period 
in which the excitatory process is spreading from a; 1o A. This down- 
ward deflection will reach its apex at tbe instant, when the excitatory 
process reaches A; that, is to say, at the moment when the muscle at. 
A begins to pass into the active state. The electrode at A will remain 
positive with respect to the electrode at. S until the muscle at A is fully 
active. The former electrode can never become relatively negative with 
respect to the latter except as a result of the activation of muscle units 
l.ving between y and B. The beginning of the upstroke, or "intrinsic 
deflection,” recorded at A signals the arrival of the excitation process 
at A; the point where this upstroke crosses the base line marks approxi- 
mately the completion of the activation of the muscle at A; the re- 
mainder of the upstroke is written by the activation of muscle units 
^ wccn y ail( I The upward deflection in the indirect lead 
RS must begin at the instant, when the intrinsic deflection of the direct 
cad has its onset., for it is at this moment that the currents produced 
A the spread of the excitatory process toward A begin to decline and 
iconic unequal to the opposed currents produced by the spread of the 
excitatory process toward B. 


A CRITICISM OF THE CURRENT INTERPRETATION OF TIIE CANINE 

LEVOCARDIOGRAM 

In the experimental studies carried out by Lewis and Rothschild 8 the 
e * ectil ' 0 ^ c was l^ aCG( I upon the ventricular surface and the 

deflVr' en n ClCetr0de upon the ehcst wal! - Thc onset of the "intrinsic 
° n recol> ded in this manner must indicate that the excitatory 
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process, which travels from within outward, lias reached the epicardial 
surface beneath the exploring electrode, and that the activation of the 
subjacent section of the ventricular wall has been completed, or at least 
that it will be completed within 0.01 second or less. The electrical effects 
produced by this portion of the ventricular wall must begin when the 
excitatory process starts to spread outward from the endocardial sur- 
face; they must end when it reaches the epicardial surface, or at any 
rate when the subepicardial muscle becomes fully active. 

In discussing the discordant levocardiograms which he obtained in 
a small percentage of dogs, Lewis 2 stated that the direction of the 
electrical axis in the coronal plane was in agreement with representative 
readings, indicating the temporal orientation of the “intrinsic deflec- 
tions” from the surface of the left ventricle with respect to It of 
Lead II. The figures which illustrate this statement 2 (Figs. 4 and 5, 
pp. 260 and 262) show, that about 0.01 second after “intrinsic deflec- 
tions” are recorded over a given section of the free wall of the left 
ventricle, the electrical axis points in the direction in which this por- 
tion of the wall is activated. It is difficult to understand why the elec- 
trical axis should point in the direction in which the excitatory process 
spreads over a given mass of muscle at a time when the activation of 
this muscle has been practically, if not entirely, completed. There is 
still another difficulty. While the excitatoiy process is spreading 
through the lateral wall of the left ventricle, it must also be spreading 
through the septal wall, which is equally thick if not thicker. The elec- 
trical effects produced by the one group of fibers must be almost directly 
opposed by those which are produced by the activation of the other. 
There is little reason to suppose that these opposed electric forces differ 
materially in magnitude. It would seem, therefore, that the direction 
in which the lateral wall of the left ventricle is activated can hardly 
determine the position of the electrical axis until the activation of the 
septal muscle is complete. But when the excitatory process has com- 
pleted its spread through the septum, activation of the right ventricle 
is already beginning and we are no longer dealing with purely left 
ventricular effects. The interpretation of the human dextrocardiogram 
and levocardiogram offered by Lewis 2 is open to the same objections. 

The analysis of the experimental curves referred to is open to criticism 
on still other grounds. Surface readings taken from dogs in which 
the form of the levocardiogram was not investigated cannot justifiably 
be compared with the electrical axis calculated from a levocardiogram 
of the discordant type which is known to be exceptional. 

We have pointed out that it is often difficult to form an accurate 
estimate of the average direction in which the excitation process is 
spreading at a given instant, even when the order of ventricular excita- 
tion is known. Consequently, as we have indicated in the discussion 
above, there is frequently an advantage in considering the direction of 
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spread, not at a given instant, but during a given period, or during the 
QRS-interval us a whole. There are, however, a number of considera- 
tions upon which an estimate of the kind first mentioned may be based. 


ELECTRICAL EFFECTS PRODUCED BY A SPHERE OF EXCITABLE TISSUE 


Suppose that the heart were a sphere of homogeneous excitable tissue 
and that the natural impulses were formed at its center. The excitation 
process would then spread radially outward as indicated in Pig. 2. 
Throughout the period of excitation the mass of fully active muscle 
must in that case form a perfect sphere completely enclosed by muscle 
in the resting state. Consequently, the imaginary surface separating 
active from resting muscle must, also be spherical and must he com- 



pletely closed. For every muscle unit undergoing activation in one 
diiection at a given instant there must bo another muscle unit under- 
going activation in exactly the opposite direction; and the electrical 
effects produced by the one must lie completely neutralized by the 
effects produced by the other. At uo time could unbalanced or un- 
opposed forces exist, and at no time could there be a deflection in any 
°1 the three standard leads. 

Suppose, however, that this theoretical heart be stimulated artificially 
a ^ some point between the center and the outer surface. The active 
r-™* and the siu 'facc separating it from inactive muscle must 
ai y be spherical until the excitation process reaches the surface at 

no7rV ieai ' eS£ the poiut of stimulation. No unbalanced forces and 
eetions in any standard lead can occur previous to this time. As 
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soon as the excitation process reaches the surface of the sphere, however, 
unbalanced forces must occur, and obviously the magnitude of these 
forces must depend upon the number of muscle units producing un- 
opposed electrical effects, and consequently upon the area of the open- 
ing or break in the surface separating active from resting muscle. The 
muscle units “visible” through this opening from a distant point, sup- 
posing the active muscle to be transparent, the resting muscle opaque, 
have no opposition, at least in so far as effects parallel to the line of 
vision are concerned. 

It is not difficult to see that the principles underlying these statements 
apply in simple eases, such as the one discussed, which possess a high 
degree of symmetry. It is less easy to see that they are applicable also 
to cases of a complicated kind. 


A METHOD OF ESTIMATING THE RESULTANT ELECTRICAL FORCE 


If it is agreed that the electric forces which accompany the excitation 
wave are at all times perpendicular to the wave front, that is to say, 
normal to the imaginary surface which separates the active from the 
resting muscle, the electric field produced by these forces must be of the 
same character as that produced by a membrane polarized in a direction 
normal to its surface. From the mathematical standpoint the problem 
of determining the distribution of the electric currents is exactly the 
same in both cases. Furthermore, if we accept the membrane theory, the 
electric field in the first case is in fact the electric field of the polarized 
membranes of the fibers undergoing activation. 

We have discussed the nature of the electric field surrounding a mem- 
brane polarized in the manner specified in another place. 5 We have 
shown that, when the medium in which the membrane lies is infinite 
in extent, the potential V of any point P within the field is determined 
by the following equation : 


Y 




where <f> is a constant, which may be defined as the electrical moment 
per unit surface of the membrane, and w is the solid angle subtended 
by the membrane at P. The solid angle is defined and measured bj 
the area cut out upon a spherical surface of unit radius, inscribed about 
P, by the cone formed by drawing a line from P to every point upon 
the boundary of the membrane. It may, for convenience, be considered 
negative or positive according as an observer looking through this cone 
sees the negative or the positive side of the membrane, for the sign of 1 
is determined by this test. The same equation must also define the elec- 
tric field surrounding the surface which separates active from resting 


muscle, the side of this surface adjacent to the resting muscle being con- 
sidered positive and that adjacent to the active muscle, negative. The 
potential at any point within this field is therefore proportional to the 
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solid angle subtended by this surface at that point. It is true that it 
the medium is not infinite the equation given is not accurate; but, as 
wc have pointed out elsewhere the error introduced by considering the 
body as if it were an infinite medium is for many purposes of little con- 
sequence. The equilateral triangle of Binthoven, upon which the calcu- 
lation of the electrical axis is based, is founded upon the assumption that 
the apices of the triangle arc distant and equidistant from all parts of 
the heart. 0 If this assumption is made, the potentials of the apices of 
the triangle appear in fact to be strictly proportional to the solid 
angles subtended by the surface referred to at those points/' although 
in this ease the constant may no longer be equal to the electrical 
moment per unit surface, but a multiple of it. The assumption that 



F 

Fie. 3 . 


the apices of Binthoven ’s triangle are, for practical purposes, distant 
and equidistant from the heart is equivalent, to the assumption that 
the heart is at the center of a spherical medium of large radius upon 
the surface of which the apices of the triangle lie. In that case the 
electrical axis may be defined as the vector drawn from the point on 
tliis spherical surfa ce at which the solid angle subtended by the surface 

specified has its greatest negative to the point where it has its greatest 
positive value. 

If the surface which separates active from resting muscle is com- 
P c ely closed, the solid angle subtended by it at all outside points must 
e 2oio. This is readily seen, for if such a surface is divided into two 

wiin° nS ^ mCans ° f an optional planc . the two surfaces thus formed 
mve the same edges or boundaries and the solid angles subtended 
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by them at any outside point must be equal in absolute magnitude, but 
unlike in sign. The sum of these two angles and consequently the 
potential of all points outside the surface under consideration must, 
therefore, be zero. So long as this surface remains closed no deflection 
can occur in any lead, direct or indirect. It is also clear that if there 
is a single opening in this surface, otherwise closed, the boundaries of 
the surface and of the opening are the same, and the solid angle sub- 
tended at any point by the one must be equal in absolute magnitude to 
the solid angle subtended by the other. If more than one opening is 
present, the sum of the solid angles subtended by all of them, each angle 
being given its proper sign, must be equal to the solid angle subtended 
by the surface. In estimating the potential at an outside point it does 
not matter, therefore, whether we consider the surface itself or the 
openings in it. Since the solid angle is determined by the boundaries 
of the surface alone, the configuration of the latter is immaterial. 



NORMAL AND TANGENTIAL COMPONENTS 

Consider now a theoretical heart, which, instead of being a solid 
sphere, is a spherical shell of homogeneous excitable tissue, and suppose 
that all points on the inner surface of the shell are activated simul- 
taneously. The excitation process will then spread through the wall 
along lines radiating outward from the center (Fig. 3), and again no 
deflections will occur, either in indirect or in direct leads, at any time 
during the period of excitation. "\Ye have assumed that all points on 
the inner surface of the shell are activated simultaneously; we can 
suppose that this result is brought about by a thin sub-endocardia 
layer of special tissue, which conducts the excitation process wit i 
infinite speed. 
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Suppose, however, that this thin layer conducts the excitation process 
with a speed which is only five times as great as the speed with which 
this process is transmitted by the tissues which enclose it. In that case 
the muscle units of the shell will not be activated in a direction normal 
to the surface. It is desirable to know the approximate direction in 
which these units will be activated. Let us suppose that the point of 
stimulation is a (Fig. 4) ; that b is the radius of the inner sphere and 
that P is any point of the shell, and r the distance of P from its inner 
surface. In reaching P the excitation process will obviously follow a 
course somewhat like that indicated by arrows; this course consists of 
two parts, be - x which represents the path through the lining layer, 
and c which represents the path through the ordinary tissue. Since the 
speed of transmission is five times as great along the first part of the 
path as the second the time t required by the excitation to reach P may 
be represented by the equation 


If the thickness of the shell is small in comparison with b, the angle 
subtended by the arc x must be small, and the triangular area bounded 
by r, c and x may be considered practically equivalent to a right 
triangle. Consequently c is approximately equal to V x 2 + r s . Our 
equation then becomes 





+ V x 2 + r- 


Since the excitation process will reach P by the path which is least time- 
consuming we must determine the value of x when t reaches its minimum 
value. This may be done by differentiating t with respect to x and 


equating the derivative to zero. We have- 


dt 


- 3 /5 + 


X 


dx /u ' V x 2 + r 2 

and when becomes zero x = ± — ==. In other words x is approxi- 
dx V 24 

mately one-fifth of the distance of P from the inner surface of the shell. 
If the electrical force produced by the activation of any muscle unit 
of the shell is resolved into two components, one normal and the other 
tangential to the inner surface of the shell, the normal component will 
)c approximately five times as great as the tangential. 


ELECTRICAL EFFECTS PRODUCED BY A SIMPLE SHELL OF MUSCLE 

Let us now return to the theoretical heart illustrated in Fig. 3. We 
Pue assumed that the inner surface of the shell is lined by a thin layer 
o special tissue which conducts the excitatory process five times as 
* 'a as t5ie outer layers. The excitatory process set up by a stimulus 
w* P ] G at ° s P re ad rapidly over the inner surface and slowly out- 
31 t llou S'h the wall. The activation of each muscle unit will produce 
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an electric force which mav be considered the vectorial sum of a normal 
and a tangential component, the former five times as great in magnitude 
as the latter. The electrical axis produced by the tangential com- 
ponents, considering these alone, will at all times point from the point of 
stimulation toward the center of the shell, or from a toward d, the point 
at which the excitatory process is ultimately extinguished. 

The electrical axis produced by the normal components considered 
alone, will at first point from a toward b, or, from the center toward 
the point of stimulation. If we suppose that the relation between the 
thickness of the shell and the radius of its inner surface is such that the 
excitation process reaches c before it reaches 6 the electrical axis pro- 
duced by these components will maintain this position until the excita- 
tion wave has reached the former point. During the latter part of the 
period of excitation the electrical axis will point from the point of 
stimulation toward the center, or toward d the point of extinction. 
In Lead II, which is parallel to the line ac, the normal components will 
therefore produce an upright followed by an inverted deflection and 
since the sum of all the normal components must be zero, if they all 
occurred at the same time, these deflections must be alike in amplitude 
and in duration,* that is to say, one must be, in all respects, the inverse 
of the other. 

Since the tangential components tend at all times to produce a deflec- 
tion downward they must decrease the amplitude of the upward deflec- 
tion and increase the amplitude of the downward deflection produced 
by the normal components. The actual curve recorded must therefore 
consist of a positive deflection followed by a larger negative deflection. 
If the stimulus be applied at c instead of at a the resulting curve must 
be in all respects reversed. If tw r o stimuli be applied simultaneously, one 
at a and the other at c no deflections at all could occur in any of the 
three standai’d leads. 


If, as we have assumed, the excitatory process reaches c before it 
reaches b there will be a short period during which the surface separat- 
ing active and resting muscle is completely closed. During this period 
there will be no deflection in any lead; consequently the positive and 
negative waves will be separated by a short iso-electric period, which 
will begin when the excitation process reaches c and will end when it 
reaches 6. If the t hi elm ess of the shell is gradually reduced this iso- 
electric period will become shorter; it will disappear when the thickness 
of the shell is reduced to a point which permits the excitation process to 
reach c and b simultaneously. A further reduction in the thickness o 
the shell will cause the end of the positive and the beginning of the 
negative deflection to fuse, algebraic summation taking place as the 
components responsible for these portions of the two curves become 
simultaneous. 
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ELECTRICAL EFFECTS PRODUCED BY a COMPLICATED SHELL 

The simple conditions depicted in Fig. 3 may be made more com- 
plicated in a variety of ways. We may suppose, for instance, that the 
two spherical surfaces which bound the shell are eccentric so that in the 
neighborhood of a the wall is two or three times as thick as it is in the 
vicinity of c. It is clear that the normal and tangential components 
of the electrical forces produced by the activation of the thickest por- 
tion of the wall of such a shell, in comparison with those produced by 
the activation of the thinnest portion, will not be greater in magnitude 
at any given instant, but only in duration; and that the difference in 
this respect will be proportional to the difference in thickness. If all 



F 


Fig. 5. 

points on the inner surface are activated at the same instant there can 
he no deflection until the excitation process reaches the outer surface 
at the point where the wall is thinnest. It may he observed that the 
Position and magnitude of the vector which represents the sum of all 
Ike tangential components is determined to a very large extent by the 
pomt of stimulation, whereas the vector which represents the sum of 
ie normal components is determined by the distribution of the muscle 
° ? le s} * e ^ If the electrical forces produced are considered in 

_ en drety, there is a close resemblance between the effect produced 
y shifting the point of stimulation in one direction and that produced 
> s lifting the center of mass in the opposite direction. 

We may also complicate the simple shell of Fig. 3 by introducing a 
P um as in Fig. 5. If a 11 the points on the inner surface of this 
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double sliell are activated at the same instant tlie course of the excita- 
tion process will he that indicated by arrows, and, since the electrical 
forces produced will he exactly balanced, there will he no deflection in 
any of the three standard leads during the period of excitation. If a 
stimulus is applied at a on the septal wall of the right ventricle of the 
shell, the electrical effect produced will he determined by the compara- 
tive thickness of the septum and the free wall of this chamber. If the 
excitation process arrives at b on the left side of the septum before it 
reaches d there will he a brief period during which the electrical axis 
points to the right and downward; hut if the opposite is the case the 
electrical axis must at all times point to the left and upward. In either 
case, during the last half, approximate^, of the period of excitation the 



F 

Fig-. G. 


Finally, let us consider the theoretical conditions illustrated in Fig. 
6. Here a cap has been removed from the shell so that the sum of all 
of the normal components is no longer zero. Consider that the gcneial 
course of the • excitation process over this structure is from within 
outward. If the excitation wave reaches all points on the inner surface 
before it reaches any point on the outer surface, there must be a period 
during which the solid angle subtended at any point by the surface 
which separates active from resting muscle is equivalent, or approxi- 
mately equivalent, to that subtended at the same point by the openings 
in the shell at its base. It is clear that the solid angle subtended bj 
these openings must be negative and large at BA, positive and laigc 
at F, and, as the figure has been drawn, positive and small at BA- 
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The electrical axis during tlie period referred to will, therefore, be nearly 
parallel to Lead II. If we draw a line from any apex of the triangle 
through every point upon the boundary of the surface which separates 
active and resting muscle, the potential of that apex at that moment is 
completely determined by the excitation of the muscle which lies within 
the cone or cones so formed. The sum of the effects produced by all 
other muscle is zero. 

We have discussed these theoretical experiments and conditions at 
some length in order that the reader might have a clear understanding 
of the principles upon which, so we believe, the interpretation of the 



Fitr. 7.- — Frontal section of a dog's heart, well toward the ventral surface. 


initial phases of the ventricular complex of the electrocardiogram must 
he based. Wc may now proceed to a consideration of the heart itself. 


THE DEXTROCARDIOGRAM 

s ^ c - ma y fh*st direct our attention to the right ventricle. Since the 
^Ptum must obviously play a prominent role in determining the cliar- 
oi of the dextrocardiogram, its position with respect to 1 he three 
-' nH :Ucl lea ds, and the direction in which it is activated are matters 
We Ilave? therefore, prepared accurate drawings of 
~ s ^ IUt of tljc do ? an d of man sectioned in the frontal plane (Figs. 
* • S5ncc 11ie septum is uot perpendicular to this plane, two 




652 


THE AMERICAN HEART JOURNAL 


cuts were made in order to show the position of the more ventral (Figs. 
7, 9) as well as of the more dorsal (Figs. 8, 10) portions of this struc- 
ture. We may call attention here, to certain differences between the 
canine and the human heart. 

In both dog and man the right ventricle lies on the right and 
ventral side of the left; in the former .the right . ventricle lies more 
above (Figs. 9, 10) the left (on its cephalic side).; in the latter, more 
below it (Figs. 7, 8). As seen in coronal section the septum of the 
human heart is nearly parallel to that side of Eintlioven’s triangle 
which represents Lead II (Figs. 9, 10). The dorsal part of the dog’s 



Fig. 8. — Frontal section of a dog's heart, more toward the dorsal surface. 

septum is nearly vertical (Fig. S); its ventral part is curved and ma> 
be described as convex upward and to the right (Fig. 7). The normal 
components produced by the activation of the septal wall of the right 
ventricle must tend to produce an electrical axis which in the dog 
points to the left and downward, in man to the left and upward. Oiu 
knowledge of the order in which the subendocardial muscle on the right 
side of the septum is activated is too meagre to permit an accurate 
estimate of the direction of the tangential components. 

The observations of Lewis and Rothschild 8 show that except for the 
conus region and the middle and upper portions of the septum, the 
entire endocardial surface of the dog’s right ventricle is activated be- 
fore the inscription of It in Lead II begins, or immediately thereafter. 
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Even at this time the excitation process lias already reached the 
epical-dial surface in the central region. In the imaginary surface which 
separates active and resting muscle there are at this period two open- 
ings. the electrical effects produced by those portions of the ventricular 
wall* which lie opposite these openings, and these electrical effects alone, 
are unopposed. At the base of the ventricle, there is an opening in 
the surface which surrounds the tricuspid orifice and the canal of the 
conus arteriosus. As the excitation process spreads over the upper 
septum and over the endocardial surface of the conus, this opening may 
he divided into two parts. There is a second opening in the central 



9. — Frontal section of the human heart, well toward the ventral surface. 


region, due to the arrival of the excitation process at the epicardial 
surface, which, although small at first, rapidly expands as the excita- 
tion process spreads over the outer surface of the lateral walls of the 
' ‘'utricle. The first opening must tend to produce an electrical axis 
pointing almost straight downward, perhaps slightly to the right at 
tunes; the second, an electrical axis pointing chiefly to the left, but with 
'‘‘nations through a considerable angle. The resultant electrical axis 
must . 1>oint downward and to the left. Apparently, the later and major 
poition of the canine dextrocardiogram must be attributed to electrical 
fleets pioduced by the activation of the apical muscle and septal wall 

nmVI VCntriele - Bxce P l for t,ie emphasis here laid upon the septal 
- c i‘, this view and that held by Lewis are not materially different. 
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The same principles may lie applied to the interpretation of the hu- 
man dextroeardiogram. We have pointed out that the position of the 
human heart with respect to the three standard leads differs materially 
from that of the dog. There is a further difference in the distribution 
of the subdivisions of the right branch of the His-bundle. Large and 
important strands of special tissue bridge the cavity of the dog’s right 
ventricle. No similar conducting paths are found in man. It might 
be expected, therefore, that the excitation process would spread to the 
lateral wall of this chamber more quickly in the former than in the 
latter. The readings obtained by Barker, Macleod and Alexander 1 from 
the ventral surface of the exposed human heart are somewhat puzzling, 



Fig. 10. — Frontal section of the human heart, more toward the posterior surface. 


in that the earliest right ventricular points were not in the cential 
region as in the dog but nearer to the base. These figures indicate, 
however, that the excitation process reaches the epicardial surface of 
the right ventricle somewhat later in man than in the dog. We need 
not attempt here to decide whether the cause of this difference is to be 
found in the distribution of the conducting tracts, the greater size of 
the heart, or in the thickness of the ventricular wall. It is clear that 
the excitation process spreads over the endocardial surface with gicat 
rapidity in man as in the dog. When the activation of the inner siu- 
face of the right ventricle has been completed, the surface vhieh 
separates active from resting muscle must be open at the base. Because 
of the position of the human heart this opening will tend to produce an 
electrical axis which points downward and to the left in a direction 
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more or less perpendicular to the line of Lead III. When the excitation 
process reaches the epicardial surface, if it has not already done so, a 
second opening will appear on the lateral wall. Opposite this opening 
lies the septum producing electrical forces which, in terms of the elec- 
trical axis, point upward and to the left. As the opening increases in 
size, these effects will increase in • magnitude. If we add these two 
vectors, the first pointing downward and to the left, the second upward 
and to the left, assuming that the latter, unlike the former, is small in 
the beginning but increases from instant to instant in magnitude, the 
resultant electrical axis will gradually rotate in a counter-clockwise di- 
rection. 

We have pointed out that because it is difficult to estimate the average 
direction in which the excitation process is spreading at a given instant, 
there is an advantage in considering the average direction in which 
it spreads during the QRS-interval as a whole. Let us examine the 
effects produced by left branch block from this standpoint. The excita- 
tion process must spread through the septum from the right ventrible to- 
wards the left ventricle; it must spread over the left ventricle from its 
septal towards its lateral side; it must spread through the free wall of 
the left ventricle in the same general direction. Only the thin lateral 
wall of the right ventricle is activated in the opposite direction. In the 
dog the left ventricle lies on the left side of the right and below it and 
the average electrical axis, considering the period of excitation as a 
whole, must point to the left and downward. In man the left ventricle 
lies to the left of the right and above it, and the average electrical axis 
must point to the left and upward. 

We believe that the clinical curves heretofore ascribed to right branch 
block are the result of left branch block, and consequently that the 
human curves which Lewis attributed to left ventricular effects and 
called levocardiograms were written by the muscle of the right ventricle 
and should have been labeled dextroeardiograms. We have indicated 
the manner in which, so we believe, the general outline of these curves 
and tile counter-clockwise rotation of the electrical axis which takes place 
during their inscription are to be explained. 

THE LEVOCARDIOGRAM 

Lends and Rothschild® found it difficult to obtain reliable readings 
iom the endocardial surface of the left ventricle. The figures which 
they give indicate that in the dog the apex and the septal wall are 
activated before the beginning of B in Lead II, and that some points 
on the upper septum are very early. 

IWien the activation of the subendocardial muscle is completed, the 
f m aee w ^ cJl separates active from resting muscle must be open at the 
^ the ventricular wall is pierced by the mitral and aortic 

i ces. The forces produced by the apical muscle which lies opposite 
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these orifices are unopposed, and must tend to produce an electrical 
axis pointing almost straight downward. The left ventricular wall is 
thinnest at the apex and when the excitation process reaches the 
epicardial surface in this region a second opening will appear tending 
to produce an electrical axis pointing almost straight upward, or up- 
ward and to the right. The continued increase in the size of this opening 
as the excitation process reaches the epicardial surface over a larger and 
larger portion of the free wall must eventually enable it to more than 
overcome the effect of the opening at the base. The resultant electrical 
axis which at first points downward must therefore finally point up- 
ward and to the right. 

In man because of the position of the heart, it would seem that the 
basal opening must tend to make the electrical axis point downward and 
to the left. As the activation of the lateral wall is completed septal 
forces pointing downward and to the right must become more and 
more effective. The resultant electrical axis must eventually point 
downward and to the right. 

It may be pointed out that if the two vectors which represent the 
respective effects of the basal and the apical openings in the surface 
which separates active and resting muscle are directly or almost di- 
rectly opposed to one another, the vector which represents their sum 
may suddenly undergo a reversal in direction if the relative magnitude 
of its components is gradually altered. If, on the other hand, the two 
vectors mentioned are not directly opposed the direction of the resultant 
will change more gradually; it will display a more or less uniform 
rotation. 

Let us consider the direction in which the excitation process spreads 
over the ventricular muscle during the QRS-interval as a whole. In 
right branch block this process must spread through the septum from 
the left ventricle toward the right. The observations of Lewis and 
Rothschild show that it spreads over the right ventricle from its septal 
toward its lateral side. The free wall of the right ventricle must he 
activated in the same general direction. 

Pointing in one direction we have the normal components of the 
electrical forces produced by the activation of the septum, and the 
tangential and normal components of the electric forces produced by 
the activation of the right ventricle. Pointing in the other direction 
we have only the effects produced by the lateral wall of the left ven- 
tricle. Clearly the mean electrical axis must point from the left ven- 
tricle towards the right. In the dog the right ventricle lies to the right 
of the left and above it, and the mean electrical axis should point to 
the right and upward. In man the right ventricle lies to the right of 
the left and below it, and the mean electrical axis should point to the 
right and downward. 
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We hope to return to this subject in a future communication in which 
we shall describe a method by means of which the mean electrical axis 
may be accurately calculated. 

The foregoing considerations offer an explanation of the chief features 
of those human curves, which, according to our view, are produced by 
right branch block, and of the concordant levocardiograms which the 
majority of dogs display. 

In a small percentage of dogs Lewis 2 obtained levocardiograms of the 
discordant type. During the inscription of these curves, which resemble 
the human curves now ascribed to right branch block, the electrical axis 
was found to rotate in a counter-clockwise direction. The views ex- 
pressed by Lewis regarding the initial deflections of the human ven- 
tricular complex are based, to a very large extent, upon his interpreta- 
tion of these discordant canine levocardiograms. 

Lewis has tabulated 2 ’ p - 257 his measurements of the bicardiogram 
and levocardiogram of twelve dogs. Two methods of interrupting con- 
duction through the right branch of the His-bundle were employed. 
In one-lialf of the experiments this structure was cut by means of a knife 
thrust through the ventricular wall just below the pulmonary valves. 
In the remaining experiments a clamp was employed. The right branch 
lies on the right side of the septum relatively close to the ventral wall 
of the heart; When one jaw of the clamp presses upon it, the other 
jaw pressing upon the left surface of the septum can hardly fail to in- 
jure some of those conducting tracts which constitute what is usually 
referred to as the anterior subdivision of the left branch of the His- 
bundle. Lewis 2 mentions this possibility, but points out that unless 
the damage to the left branch is very extensive the order in which the 
muscle of the left ventricle is activated, in so far as this may be deter- 
mined from the form of the axial electrocardiogram, is not altered. 

Subsequent observations have shown, however, that transection of 
the anterior subdivision of the left branch may alter the form of the 
initial deflections of the electrocardiogram materially. Rothberger and 
Winterberg 10 found that when this structure was divided and the 
main stem of the right branch was also cut, the chief initial deflection 
of Lead I was usually upward. Wilson and Herrmann 6 have also 
published curves from an animal in which a levocardiogram of the con- 
cordant type became discordant when the anterior subdivision of , the 
left, branch was injured. 

It is noteworthy that in the only two experiments in which the curves 
c tamed by Lewis were strikingly discordant a clamp was used. 2 ’ p - 257 
n one of these curves R of Lead I reached a value of 2.6; millivolts 
( og H. V.), whereas R of the bicardiogram in the same lead measured 
°nly 1.3 millivolts. According to these figures the dextrocardiogram 
must show in Lead I a dowmvard deflection of at least 1;3' millivolts 
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and must be of the discordant type. No one, so far as we know, lias 
ever produced such a curve by cutting the left branch of the His-bundle. 

We strongly suspect, therefore, that the discordant levocardiograms 
upon which Lewis lays so much stress, resulted from the use of a clamp 
which injured the anterior subdivision of the left branch of the His- 
bundle. We do not, of course, deny that in some animals, in which 
the deflections of Lead I are all comparatively small, the chief initial 
deflection in this lead is upward. Such curves cannot, however, be 
regarded as frankly discordant and do not resemble the human curves 
which are at present ascribed to right branch block. 

Since the effects of cutting the anterior subdivision of the left branch 
upon the order of ventricular activation have not been studied it is not 
possible to offer a detailed explanation of the changes in the form of 
the levocardiogram which this procedure produces. It must be remem- 
bered that the plane of the septum is neither frontal nor sagittal but 
midway between the two. The conducting tracts which comprise the 
subdivision in question apparently distribute the excitation wave to 
the ventral portion of the septum and to the left anterior wall of the left 
ventricle, while the posterior division supplies the dorsal parts of the 
septum and the right posterior wall of this chamber. If the former 
tract is cut, the excitation process must spread from the dorsal margin 
of the septum toward the ventral margin, and consequently the tangen- 
tial components of the electric forces produced by the activation of 
the septal muscle must point from right to left. The tangential com- 
ponents arising in the free wall must also be modified and must point, 
in the same general direction. It is clear that whenever a conducting 
tract is blocked the amount or extent of spread, if we may use such an 
expression, toward the region which it supplies must be increased. It 
is not altogether surprising, therefore, that the levocardiogram is altered 
in the manner described. The chief difficulty arises in explaining why, 
during the last part of the QRS-mtewal when right ventricular effects 
should predominate, the electrical axis still maintains a right to left 
direction. It is hardly probable that the activation of that part of the 
left ventricular wall normally supplied by the anterior subdivision can 
be so greatly delayed as to permit it to play a prominent role in detei- 
mining the position of the electrical axis at so late a period. It- is 
possible, however, that because the dorsal part of the septum precedes 
the ventral part the excitation wave first reaches the right Purkin.ie 
system at a point much further to the right and much closer to the 
posterior wall than would otherwise be the case, and that the late right 
to left effects referred to are due to late activation of the conus. In the 
absence of more precise information than is now available it would he 
useless to speculate, further. 

It would seem that the effects produced by section of the posterioi 
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subdivision of the left branch should lie in a general way tlic reverse 
of those produced by cutting the anterior and this appears to be the 

CclSG* 

Before leaving this subject we should like to point out that it can- 
not be expected that section of the anterior subdivision will make the 
levocardiogram frankly discordant in all animals. It seems probable 
that it does so only in those dogs in which some tendency toward dis- 
cordance is already present; possibly because of peculiarities of the 
conducting tracts of such a kind that the muscle supplied by the pos- 
terior subdivision of the left branch is activated earlier than in the 
average animal. 

THE ORIGIN OF Q' 

We must now turn to the earliest ventricular deflection of branch 
block curves; we refer to Q'. This wave is, on the whole, a more 
prominent feature of human than of canine curves. In the former it 
is almost always present; in the curves which we attribute to left branch 
block it is most prominent in Lead I and is absent in Lead III; in 
curves of the opposite type just the reverse is the ease. In the dog’s 
dextrocardiogram Q' is comparatively rare; when it occurs it is usually 
most prominent in Lead I, and absent in Lead III. In the lcvocardio- 
gram it is common in Lead I; it is usually most prominent in this lead 
or in Lead II. 

At first thought it seems obvious that Q' must he attributed to the 
excitation of the subendocardial muscle which is first to become active. 
To determine what region is first activated is, however, a matter of some 
difficulty. The excitation process spreads over the endocardial surface 
of the heart with great rapidity and even at the time when ventricular 
activity is just beginning many different points arc passing into the 
active state at the same moment. Before the inscription of Q' is com- 
plete the excitation process has spread over a very large area. 

Furthermore, endocardial readings are difficult to obtain and not 
entirely trustworthy. But even if the earliest point, were known we 
could not be certain that Q' was written by effects which arose in the 
region in which this point lay. It is obvious that before an appreciable 
difference of potential can be recorded by indirect leads, a considerable 
rnass °*' rauscle must be involved. The rate at which the surface which 
separates active and resting muscle increases in a given region must 
c epend upon the density of the Purkinjo network, or rather the number 
0 junctions per unit area between Purkinjc and ordinary muscle fibers, 
t is quite possible that Q' is written not by the first region activated 
. Ut ' y some region which is relatively early and which at the same time 
is activated with great rapidity. At the present time, therefore, any 
pinion as to the location of the muscle responsible for Q' must be 

: t aSG almost entirely upon the position of the electrical axis during 
us inscription. 
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If our conception of human branch-block curves is correct, Q' is 
probably not, if we may depend upon the criterion mentioned, of septal 
origin in man as Lewis apparently thought. It is difficult also to see 
how Q' of the canine dextrocardiogram can be due to septal effects; but 
Q' of the levocardiogram, on the other hand, may well be duo to the 
activation of some region on the septal wall of the left ventricle. We 
have already referred to the curves published by Wilson and Herr- 
mann® to show the effect of cutting the anterior subdivision of the left 
branch upon the levocardiogram. It is interesting to note that these 
curves show a distinct Q' in Lead I after this subdivision was cut al- 
though none was present before. It is possible that further informa- 
tion regarding this deflection may be obtained from the form, of the 
curves recorded by means of direct leads in animals and by means of 
precordial leads in man. 

VENTRICULAR PREPONDERANCE 


In connection with his analysis of the human dextrocardiogram and 
levocardiogram Lewis 2 also made a detailed study of the clinical curves 
which are attributed to preponderant hypertrophy of the left and of 
the right ventricle respectively. In left preponderance he found a 
counter-clockwise, in right preponderance a. clockwise rotation of the 
electrical axis. He expressed the view that hypertrophy of a single 
ventricle increases the magnitude of its electrical effects and thus enables 
them to dominate the bicardiogram. This hypothesis offered a logical 
and convincing explanation .of the resemblance between the curves at- 
tributed to enlargement of one ventricle and those attributed to branch 


block on the opposite side. 

It must be remembered, however, that when the right or left ventricle 
is hypertrophied, the increase in muscle mass is not confined to the 
lateral wall of the chamber affected, but involves the septal wall as well. 
If the excitation process reaches the two ventricles at the same time, 
approximately one-half of the septal muscle, must be activated from 
each side. 

Let us suppose that the left ventricle is greatly hypertrophied; the 
mass of the septum must then be greatly increased. Consequently, the 
electrical effects produced by the activation of the septal wall of the 
right ventricle, that is to say, by the right half of the' septum, will be 
greatly augmented, without a corresponding alteration in the electnca 
effects, produced by the free wall, to which they arc opposed. If fbe 
dextrocardiogram is, as we believe, normally dominated by septal effects, 
it will be exaggerated either in amplitude, in duration or in both. 


•The idea seems to be prevalent in the literature that if there was /Ti'inr-mm a 
between the mass of the heart muscle and the amplitude of the clcctrocam j* 
small animal should display curves of lesser amplitude than a larger one. • 
is based upon a misconception ; it fails to take into consideration the aunmuj { j )e 

conducting material in which the heart is immersed, and the mean “‘Sinn • crv . 

electrodes from the heart. An infant's heart in a man’s body would prouut 
small curve. 
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The electrical effects produced by the septal Avail of the left ventricle 
Avill also be magnified, but since the forees opposed to them must under- 
go an e\ r cn greater amplification, the levoeardiogram may actually be 
smaller than that of a left ventricle of normal size. According to this 
point of vicAV hypertrophy of one ventricle enables the opposite chamber 
to dominate the ventricular complex. 

It is possible, however, to look at the matter from another standpoint. 
If the septum is activated from the right and left sides in equal measure, 
the sum of the electrical effects produced by the septal muscle must be 
very small. Consequently, avc may say that in left ventricular pre- 
ponderance the ventricular complex is dominated by effects produced 
by the hypertrophied lateral wall of the left ventricle. This statement 
is not equivalent to the assertion that it is dominated by the levocardio- 
gram, if avc arc correct in believing that the chief deflections of the 
latter are of septal origin. 

We come, therefore, to the conclusion that left ventricular hyper- 
trophy and left branch block have a similar effect upon the electro- 
cardiogram, because both increase the number of muscle units or the 
total quantity of muscle that is activated from right to left. In one 
case the point of stimulation, so to speak, is shifted to the right; in the 
other the center of mass is shifted to the left. 

This explanation of preponderance curves is incomplete in one respect. 
It does not account for the fact that Q' is most prominent in Lead I, 
in left preponderance, and most prominent in Lead III in right pre- 
ponderance. It is difficult to understand how the relative mass of the 
tiro A r entricles can determine the order in Avliich the subendocardial 
muscle, which must be responsible for the deflection, is activated. For 
this reason, Barker, Maeleod and Alexander 1 suggested that there must 
be a defect in conduction in the special tissues of the enlarged ventricle. 
It is very probable that many of the clinical curves Avliich are attributed 
to preponderant hypertrophy of one or the other ventricle are partly, 
if not entirely, due to this cause. 

As an explanation of all preponderance curves this hypothesis meets, 
however, Avith the objection that in the newborn right ventricular pre- 
• ponderance is a normal phenomenon and cannot therefore he due to a 
conduction defect in the right branch of the His-bundlc, although it 
™ght, conceivably he due to a greater length of the conducting tracts in 

m large right ventricle. In the infant’s curve Q is most prominent 
1U ea ^ ^ aU( i is absent in Lead I, just as it is in the right ventricular 
Preponderance of mitral stenosis and congenital pulmonary stenosis. 

n the normal human electrocardiogram $ is almost never present in 
j , u ’ ee * ea ds; it is either most prominent in Lead I or in Lead III. 

* 16 ^ rst case Q must be attributed to the activation of some region 
r l0earclial mUScle il1 tIie Ieft ventricle; in the second, to a similar 
s o muscle in the rig! it ventricle. The muscle concerned is probably 
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on the free wall near the apex in each instance. The order in which 
or the relative speed with which, these two regions are activated deter- 
mines whether Q shall occur in Lead I or in Lead III. In some manner, 
as yet obscure, the enlargement of one ventricle enables the other to 
write this deflection. 


THE INITIAL DEFLECTIONS OF THE NORMAL VENTRICULAR COMPLEX 


The initial deflections of the normal ventricular complex may be re- 
garded as the algebraic sum of the corresponding deflections of the 
dextrocardiogram and levocardiogram. Each normal deflection may con- 
sequently be considered a right ventricular effect if it is contributed by 
the former, a left ventricular effect if it is contributed by the latter. 


This method of analyzing the normal ventricular complex is entirely 
justifiable, but in some respects it is confusing. We discover, for in- 
stance, that although R of Lead I and R of Lead III record the same 
phenomenon, the former is written by one ventricle, the latter by the 
other. Let us consider R of Lead I in greater detail. Both ventricles 
are producing effects at the time when it is being written. The septal 
wall of the right ventricle is producing effects which point in the posi- 
tive direction; we will call the sum of these effects (+ A). We may 
then represent the effects of the lateral wall of the right ventricle by 
(- B), the effects of the septal wall of the left ventricle by (- C), and 
the effects of the lateral wall of the left ventricle by (+ D). The 
right ventricular effects will then be represented by {A - B), the 
left ventricular effects by (D - 0), the total effect by (A-B-C + D). 

Let us suppose that the septal effects of the two ventricles are equal 
in magnitude although opposite in direction. The total effect will then 
be represented by (D - B). R is positive because D is greater in 
magnitude than B. Since D represents the effects of the lateral wall 
of the left ventricle, R may therefore be ' considered a left ventricular 
effect. But since the sum of the right ventricular effects {A - B) is 
positive and the sum of the left ventricular effects {D - G ) is negative, 
R is contributed by the dextrocardiogram. It is therefore a right ven- 
tricular effect. Whether R of Lead I is considered a right or a left 


ventricular effect is therefore merely a matter of the point of view. 

If the septal effects included in the dextrocardiogram and the septal 
effects included in the levocardiogram are equal in magnitude but un- 
like in sign, they must cancel when these two curves are added. Con- 


sequently, no material error is made by neglecting the septal effects, so 
long as the two sides of the septum are excited simultaneously. The 
interpretation of the initial deflections of the electrocardiogram ad- 


vanced by Lewis neglects the normal components produced by the actua- 
tion of the septal muscle almost entirely. This is not unjustifiable when 
the right and left bundle branches are conducting normally, and his 
interpretation of the initial deflections written by the normal and by the 
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hypertrophied heart are not in conflict with the views presented here, 
except in so far as the significance of Q is concerned. When, however, 
there is a defect in condition in either bundle branch, the effects pro- 
duced by the septum cannot, according to our view, be neglected. In 
disregarding them under these circumstances we believe that Lewis was 
in error. 

For the reasons indicated above, we regard the following interpreta- 
tion of the normal initial deflections as equally accurate and more 
simple, than that which attempts to separate 1 he effects produced by 
the two ventricles. R of the bicardiogram may be attributed to the 
fact that during the early phases of the period of excitation all of the 
electrical effects except those produced by the apical muscle which lies 
opposite the valvular orifices in the cardiac base are opposed by forces 
equal in magnitude and opposite in sign. S may be attributed to unop- 
posed forces produced by the basal muscle of both ventricles after the 
apical portions of the cardiac wall have been completely activated. It 
is possible that some muscle in the upper septum and in the conus 
arteriosus which seems to be poorly supplied with Purkinje tissue may 
contribute to this deflection. The origin of Q has already been dis- 
cussed. 

COMMENTS 

We have attempted to give a complete explanation of the initial de- 
flections of the ventricular complex of the electrocardiogram, consistent 
with the observations upon the exposed human heart recently reported 
by Barker, Maclcod, and Alexander . 1 This explanation is based upon 
the observations made some years ago by Lewis and Rothschild 8 and 
by Lewis . 2 We have taken it for granted that these observations are 
correct in every particular. We have accepted without reservation the 
hypothesis advanced by Lewis that the electrical axis is determined by 
the average direction in which the excitation process is spreading. We 
believe, however, that some of the conclusions which Lewis drew from 
these observations are not well founded. We believe that he Avas misled 
by the histological studies of human branch block reported by Eppinger 
and Stoerk , 11 and by some observations upon the dog in Avliich in at- 
tempting to place a clamp upon the right branch he injured conducting 
tracts on the left side of the septum. 

We believe that the interpretation of the initial deflections of the 
electrocardiogram given in this article is sound in theory and correct 
s ° far as its major features arc concerned. As regards minor details 
h must be considered tentative only. Many of the problems which 
^' e llave ^tempted to solve are decidedly complicated and much desir- 
a e information bearing upon them is not available. In discussing 
Pi 01 ems of this kind from the theoretical standpoint it is necessary to 

a c e many simpUfying assumptions; the magnitude of the errors thus 
10 Uce ^ ls difficult to estimate accurately. Furthermore, it is not 
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possible to be certain that all of the factors involved in the problems 
attacked have been correctly evaluated and that none have been over- 
looked. 

CONCLUSIONS 

The view • advanced by Barker, Macleod, and Alexander, that the 
clinical electrocardiograms heretofore ascribed to right branch block are 
due to left branch block and vice versa, is not necessarily in conflict 
with the hypothesis that the electrical axis at a given instant points 
in the average direction in which the excitation process is spreading at 
that moment. 

Both the dextrocardiogram and the levoeardiogram, canine and hu- 
man, are dominated by electrical effects produced by the ventricular 
septum. 

Preponderant hypertrophy of one ventricle increases the magnitude 
of the electrical effects produced by the opposite ventricle by increasing 
the mass of its septal wall without altering its lateral wall. 


Note. — We visli to thank Dr. H. B. Williams, and Dr. Kenneth Cole for a 
critical reading of the manuscript of this article before it was submitted for 
publication. 
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PARAFFIN INFILTRATION OF HEARTS 

A Permanent Method for Preservation* 

Louis Gross, M.D., and Eugenie Leslie, MJD.t 
New York, N. Y. 

I NFILTRATION of organs with paraffin is a relatively old pro- 
cedure, the general principle being to dehydrate the fixed organ 
and to infiltrate it with paraffin much as is done in the routine man- 
ner for blocking tissues. An organ thus treated has the following 
properties: (1) it is very easy to handle and is therefore excellent 
for teaching purposes ; (2) the normal topographic relations of the 
organ are retained; (3) the tissues are permanently fit for histological 
studies. 

Our purpose in writing this report is to describe in some detail a 
method of paraffinizing hearts which is simple and permits the reten- 
tion of the original topographic relations in excellent condition. "While 
the technic described is based on its application to the heart, it can 
be used with slight modification for other organs. 


METHOD 


The unopened heart is obtained as soon after death as possible and a 
description given. In order to examine the interior of the heart so 
that a macroscopic diagnosis may be immediately available, it has 
been our practice to use an electrically lighted nasal speculum, such 
as the Cameron Diagnostoscope with adjustable trigger Nasoscope 
Head. During this examination the larger masses of blood clot should 
be removed. Special glass cannulas are now tied into the aorta, pul- 
monary artery, superior vena cava and one of the pulmonary veins. 
The cannulas should be almost of the same size as the orifices into which 
they are tied and they should have a small sloping flange (Fig. 1). In 
order to block the other pulmonary vein orifices, the inferior vena 
cava and any other holes which may have been made in the auricles 
during the autopsy, wooden pulleys of various sizesf are used (Fig. 
2). As in the case of the cannulas, the size of the pulleys shoiild be 
as nearly as possible the size of the hole to be blocked up. 

The pulley is placed into the hole and the auricular tissues are tied 
a iound the groove by means of a thread. The purpose of this procedure 
■i s to j n-event the puckered appearance and collapse of the auricles 


’^° ni the Laboratories of The Mount Sinai Hospital, New York City. 
1W G( ^ k'". a e:rant L' om the Lucius N. Littauer Research Fund. 
respectively 1 in mameter* 1 * t0 US ° pulleys 1 cm - in wi< Uh and 1, 2, 3, 4, 5 


and 6 cm. 
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which results from merely tying the tissues together around the hole. 

Short lengths of rubber tubing are attached to the pulmonary 
artery and aortic cannulas and are joined together by means of a 
glass “Y” tube. A hook is passed under the “Y” tube and the heart 
is in this way suspended from a stand (Fig. 3). Short lengths of 
rubber tubing are also attached to the cannulas inserted into the 
auricles, and these are individually suspended from the stand in such 
a manner that all pressure is taken off the auricles and no distortion 
of the auricular walls is produced. In other words, the cannulas 
should be so suspended that their main axis is parallel to the pul- 
monary vein and superior vena cava respectively. 

The suspended organ is lowered into a container of approximately 
three liters capacity. The apex of the heart should reach to about 3 
cm. above the bottom of the container. A large tank containing neu- 



Fig. 1. — Type of glass cannula tied into aorta, pulmonary artery, superior vena ca^ 

and one of the pulmonary veins. 



Fig. 2. — Type of wooden pulley used for blocking orifices in heait. 

tralizecl formaldehyde sodium chloride solution 5 - is placed on a shelf 
approximately 2 feet above the level of the apex of the heart. This 
is now attached to the “Y” tube and the formalin allowed to fill the 
chambers of the heart in this retrograde manner. 

In most of the specimens the semilunar valves are sufficiently m 
competent to allow the formalin to flow backward through the icn 
tricular and auricular systems. In this way air is driven up the 
auricular cannulas, and as soon as the formalin appears the lubhci 
tubes connected to these cannulas are clamped off. In those instances 
where the semilunar valves are competent it is necessary first to i 
the auricular and ventricular systems through the auricular cannulas. 
"When this is accomplished the auricular cannulas are tied off ant 
perfusion is continued through the arterial cannulas. The shrinkage 
of the valves which takes place in the formalin generally eventua } 

•Solution of formaldehyde, U. S. P., 10 parts; 1 per cent sodium chloride sohiti 
00 parts. This solution is rendered neutral with a weak alkali. 
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accomplishes the desired result o£ allowing the fixing fluid to pass 
by the semilunar valves. 

The heart having been set up and filled in the manner md.eated, the 
container in which the heart hangs is now filled with formalin until 
it reaches above the level of all exposed tissue. Twenty- our hours 
later the formalin inside and outside the heart is replaced by ft 
formalin. This is repeated for a third time twenty-four hours later. 



Fig. 3. — Method of suspending heart and perfusing with formalin. 


If it is so desired, blocks of tissue may now be cut from tlie heart, 
although it is advisable to delay this as long as possible. 

After complete fixation in this manner the cannulas are carefully 
removed, the wooden pulleys, however, being' left in place. The heart 
is now gently dried with a towel and placed into a container holding 
approximately 2-2% liters of 65 per cent alcohol. The heart should 
be placed on a bed of cotton and, depending on its size, should remain 
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in the container for approximately twenty-four to forty-eight hours. 
The organ is passed through increasing percentages of alcohol (80 
per cent, 90 per cent, 95 per cent and absolute), again leaving it in 
each of these fluids for twenty-four to forty-eight hours. It is advis- 
able to sponge the heart gently with a dry towel between these stages. 

After the last procedure, measure the strength of the alcohol by 
means of an alcoholometer. If this measures less than 98 per cent, 
place into fresh absolute alcohol. After forty-eight hours test again. 
Continue these changes until the absolute alcohol remains at least 98 



pv.c. 

Fig:, -i. — Method of opening- auricles. I.Y.C. = inferior vena cava. S.F.C. == supci 
vena cava. L.A. = left auricle. R.A. = right auricle. M.A. : niargo acutus. - 
= margo obtusus. 

per cent. The last stage of dehydration from about 96 per cent alco- 
hol can be expedited by placing the organ in fresh anhydrous acetone. 
We prefer absolute alcohol. 

Place into toluol for forty-eight hours. Change into fresh toluol 
for twenty-four hours. Drain off the toluol rapidly and place into the 
following mixture kept in a paraffin oven at 56 degrees: 

ParafSn, melting point 53-55 C. 95 parts by weight 

Pure unbleached beeswax 5 parts by weight 

Keep in an incubator for twenty-four hours. Transfer to anothei 
paraffin-wax bath for twenty-four hours. Remove from bath, insert 
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GROSS AXD liKRME: 


a hook into the apex and suspend the organ upside down in order to 
allow the excess paraffin-wax to drain off. 

•While the heart is still slightly warm it should be opened in the 
following manner: 

Insert a knife into the inferior vena cava, the edge pointing toward 
the anterior surface of the heart. Push the blade through the supe- 
rior wall of the right auricle until the superior vena cava is reached, 
cutting as close to the interventricular septum as possible (Pig. 4 .4). 
Reinsert the knife into the inferior vena eava with the edge pointing 



toward the margo acutus. Make an incision over the superior wall 
of the right auricle parallel to its posterior wall until the auriculo- 
ventricular sulcus is reached (Fig. 4 B). 

Insert the knife into the superior vena cava with the edge pointing 
toward the margo acutus. Make an incision along an imaginary line 
"liich joins the superior vena cava with a point 5 mm. posterior to 
the junction of the inferior border of the right auricular appendix 
■"hh the auriculo-ventricular sulcus (Fig. 4 C). Connect the distal 
point of this incision with the posterior auricular incision previously 
made (Fig. 4 D). In this manner the top of the right auricle is easily 

removed. 
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Trim the pulmonary artery to within a centimeter of the level of 
the valve commissures, and the aorta to any level desired. Insert the 
point of the knife slightly below the right auriculo-ventricular sulcus 
at the junction of the latter with the margo acutus. The edge of the 
knife should point toward the pulmonary artery, the blade being held 
in such a manner that the knife forms an angle of approximately 45 
degrees with the upper segment of the main axis of the heart and 
135 degrees with the lower segment (Fig. 5). Push the blade through 
the myocardium into the right ventricle being careful not to strike 
the delicate tricuspid valve. Carry the blade forward following the 
contour of the auriculo-ventricular sulcus until the incision reaches to 
within y ~2 cm. of the lower border of the pulmonary cusps (Fig. 5 i). 
This can be seen by looking down the pulmonary orifice. 

Turn the blade downward and continue this incision parallel with 
the plane of the pulmonary cusps until the interventricular septum is 
reached (Fig. 5 B ) . Now turn the blade edge doAvn and carry the 
incision to the apex of the right ventricle, keeping the knife at all 
times close to the interventricular septum (Fig. 5 C). This incision 
can be easily watched through the pulmonary orifice. 

Insert the blade of the knife into the margo acutus at the first 
point of the original ventricular incision, i.e., below the junction of 
the auriculo-ventricular sulcus and the margo acutus, and carry the 
incision down to join the last part of the interventricular cut (Fig. 
5 D). While this incision is being made, look through the tricuspid 
orfice to make sure that the tricuspid valve is not injured. Gently 
raise this window of right ventricular myocardium. It will he found 
that the trabecula septomarginalis or the anterior papillary muscle 
makes it impossible to remove completely the myocardial segment. 
This connection is severed by the knife at a convenient site, and the 
right ventricular chamber is thus opened for inspection. 

Insert the blade of the knife through one of the pulmonary veins 
(preferably the right posterior) with the edge pointing toward the 
margo obtusus (Fig. 4). Make an incision across the superior wall of 
the left auricle until the auriculo-ventricular sulcus is reached (Fjg. 
4 E) . Starting with the first point of this incision turn the knife edge 
anteriorly and cut through the superior wall of the left auricle until a 
point is reached on the latter approximately opposite the supenoi 
vena cava of the right auricle (Fig. 4 F). Turn the edge of the knife 
toward the margo obtusus and make an incision along a line which 
runs to approximately 5 mm. posterior to the junction of the left 
auricular appendix with the auriculoventricular sulcus (Fig. 4 0). 
Complete the incision parallel to the line of the auriculo-ventriculai 
sulcus (Fig. 4 II). This frees the left auricular window and thus an 
opening is made into the left auricle leaving enough of the posterioi 
wall of the latter to show pathological lesions. 
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Tlie last and most, difficult incision remains. Insert the knife blade 
into the anterior wall of (he left ventricle at a point, approximately 
1 cm. below the .-junction of the left coronary artery with the left 
anterior descending branch (Fig. 5). The cutting edge should point 
toward the inferior border of the interventricular septum. Watching 
the contour of the interventricular septum and estimating the thick- 
ness of the latter as closely as possible, make an incision parallel to the 
right interventricular incision (Fig. f> C) with the object in mind of 
exposing as much left ventricle as possible without actually cutting 
into the interventricular septum (Fig. 5 K). The incision should be 
carried as far as the margo acutus. 

Insert the knife at a point. 1 cm. below the aurieulo-vonlrieulnr sul- 
cus at the latter's junction with the margo ohtusus with the cutting 
edge pointing toward the apex of the heart. Look through the mitral 
valve orifice to make sure that the mitral cusp is not perforated by 
the point of the knife. With the blade penetrating through the entire 
thickness of the left, ventricular wall carry the incision down to the 
apex of the heart and continue it around the apex until it joins the 
left interventricular incision described above (Fig. 5 F). Make a 
connecting incision between the upper ends of the interventricular and 
margo ohtusus incision (Fig. 5 G). 

If the tissue lias been cleanly cut it will be found possible to raise 
slightly the lower border of this left ventricular flap. It will be im- 
possible, however, to remove the flap because of the stout left ante- 
rior papillary muscle which binds it to the mitral flap. The papil- 
lary muscle is severed close to its apex by a knife, and the left ven- 
tricular flap is thus removed. Carefully dean out all blood clot. 

If the opening of the heart is performed, as it should he, while the 
myocardium is slightly warm, it will be found very simple to remove 
whatever blocks arc necessary for microscopic study. In order to 
examine the coronary arteries, however, it is desirable that coronal 
incisions of the vessels should be made during one of the dehydration 
stages in alcohol. Blocks can then be removed. If at some future 
occasion it is necessary to cut additional blocks from the heart, it 
should he placed in a 56 degree incubator for about fifteen or twenty 
minutes until the paraffin softens. 



THE CARDIODYNAMIC EFFECTS OF ACUTE EXPERIMENTAL 

MITRAL STENOSIS* 

Louis N. Katz, M.D., and Mortimer L. Siegel, M.D. 
Cleveland, Ohio 


A DIFFERENCE of opinion exists in regard to the eardiodynamic 
effects of acute mitral stenosis, experimentally produced, except 
all are agreed that the left intra-aurieular pressure is elevated. In- 
variably, acute mitral stenosis when produced in animals with intact 
circulation was found to elevate the pressure in the pulmonary artery 
(in severe stenosis, in the right ventricle also) and to lower the pressure 
in the left ventricle, systemic arteries and veins (Kornfeldt, 10 1892; 
Gerhardt, 8 ’ 9 1901, 1912; MaeCallum and McClure, 17 1906; Hirsch- 
felder, 10 1908 and Dzwankowska, 7 1924). On the other hand, similar 
experiments made on the lieart-lung preparation by Straub, 19 1917, 
showed only a transient fall in pressure in the left ventricle and 
systemic arteries, and a fall in the maximum pressure of the right 
ventricle accompanied by an unchanged initial pressure. The question 
arises whether the results of Straub indicate that the heart -lung prepara- 
tion is unable to predict what happens in the animal when its circula- 
tion is intact, or, on the other hand, whether the graphic method used 
by the other investigators failed to depict the true state of affairs. 

Mitral stenosis is perhaps the valvular defect most difficult to pro- 
duce experimentally. Preliminary experiments soon convinced us that 
some of the discrepancy in previous results was caused by artefacts in- 
herent in certain methods of producing mitral stenosis. In these pre- 
liminary trials several of the methods previously described were tested, 
e.g. : the suture method (MaeCallum and McClure, 17 1906, Hirsch- 
felder, 10 1908 and Allen, 1 1924); invagination of the left, auricle 
through the A-V ring; compression of the mitral ring manually or, as 
suggested by MaeCallum, 17 1906, Cushing and Branch 5 1907, and 
Ilirschfelder, 10 1908, by clamp or suture. t The artefacts were pro- 
duced in three chief ways: (1) by clotting of blood, (2) by traction 
and (3) by compression of the coronary arteries. 

Since the results of mitral stenosis can be influenced by these arte- 
facts, a few words on the effects of these artefacts and on the ways in 
which they were avoided or discounted is given. Traction in producing 
the mitral stenosis may lead to an aortic stenosis also. This was found 


‘From the Department of Phvsiologv, Western Reserve University Medical School, 
Cleveland, Ohio. 

t Scarifying the valves by strong alkali, radium of microorganisms as sugpcsled 1)> 
Coryllos. Edwards and Bn erg, 1 1023, and by Cutler, Levine and Beck.' 1924. vn* *oi 
tried as it was not suited for our purposes. We felt that we could not proem 
stenosis of sufficient degree with Straub's valve method. 
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to be the case when mitral stenosis was produced after an animal’s 
death. In the living animal changes in the intraventricular and aortic 
pressure curves, which resemble those described in aortic stenosis by 
Katz, Ralli and Cheer 13 (1928), and which are quite different from 
the effects of mitral stenosis, could be produced by traction at the 
mitral ring (cf. Fig. 1). Traction also tends to displace the position 
of the manometer cannulae, especially in the left auricle, where the 
pressure level could be varied at will by application of suitable traction. 

A diminution in the volume of the left auricle and left ventricle 
occurs with most methods of producing a mitral stenosis. At the same 
time there is a tendency to force blood into the left ventricular cavity. 
These changes also will lead to artefacts. 

When mitral stenosis is produced by compression of the A-V ring 
there is a tendency to occlude the left circumflex coronary artery, 



leading at once to serious undesirable disorders of the heart. Bernheim 3 
(1909), Schlepelmann 18 (1912) and Cutler, Levine and Beck G (1924) 
uive modified the suture method to avoid this difficulty. 

METHODS 

In the present research a ligature method was employed to produce the mitral 
nosis which with due care minimized the foregoing artefacts. The circumflex 
^ronaij artery was avoided by placing two ligatures on the auricular side of the 
flie l^f °°' ej - C ^° Se t0 ( “ >ne tlie ll S atures was fastened to the anterior wall of 
left. C f . aur * c *° llear its junction with the aorta, the other to the posterior wall of the 
tlire ”1 nC ' e near ^ ie iaterauricular groove. The two ligatures were kept in place by 
cl 0 se* to® t!i6m a series °f loops fastened to the wall of the left auricle 

extent ° f llC , groove - Traction on these ligatures caused a constriction, the 

0 w neh could be varied up to “ button-hole ’ ’ proportions without inter- 
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fering with the coronary supply of the ventricles* and without producing a con- 
comitant aortic stenosis. The absence of aortic stenosis was shown by the 
parallel changes in the pressures of the aorta and left ventricle unlike the changes 
seen in Fig. 1, and by repeating the traction post mortem. The patency of the 


> r 



coronary vessels was similarly tested post mortem. Care was taken to make the 
stenosis slowly and steadily with a minimal displacement of the heart. In this 
way traction effects were avoided or at least minimized. It was not possible to 

•An unavoidable interference occurred with the blood supply to the left auricle 
which was not serious, we believe, because of. the abundant Thebesian supply. 
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avoid the deformation and alteration in size of the left auricle and ventricle, but 
the effects of this complication are easily evaluated and do not interfere with 
the analysis of the effects of the mitral stenosis. 



^gisterin'^t? 08 *** ^' G P ressure pulses following mitral stenosis were studied by 
(1928) * e currcs 011 bromide paper with manometers of the Wiggers ’ patterneo 
°p en an( | artif| C: ^ K)imeUtS Wei ° mado 011 twenty-two anesthetized dogs with chest 
out Paralla r 1 ^ res P iration - Simultaneous pressure records were obtained witli- 
^ with the duo-slit lamp of Katz and Bakerie (1924) in the following 
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combinations: left ventricle and aorta; left ventricle and left auricle; aorta and 
left auricle; left auricle and pulmonary artery; pulmonary artery and right ven- 
tricle; pulmonary artery and aorta. Tlie manometers were inserted in the usual 
manner (cf. Wiggers, 21 192S) except for the following slight modifications: the 
manometer for the left auricle was inserted via a branch of the left lower pul- 
monary vein ; the manometer for the pulmonary artery was inserted directly 
through the wall (cf. Katz and Weinman, is 1927), or via the left pulmonary 
artery so that the opening was within 1 cm. of the semilunar valves. The sensitivity 
of the manometers was determined but the curves were not calibrated as we were 
interested only in relative changes. In several experiments direct readings of the 
right and left auricular pressures were made with saline manometers. 

RESULTS 

(a) Effect on heart rate and the duration of the systolic phases . — 
The changes in heart rate were analyzed in detail in 63 experiments 
made on 15 dogs. In most of these experiments no essential change 
in rate occurred (e.g., Figs. 4, 6 and 7). In 20 experiments the rate 



was slowed (e.g. Figs. 3, S), in some markedly. A slight increase in 
rate occurred in seven experiments (e.g. Fig. 2). Sectioning the \Jgi 
did not alter the rate response, indicating that the vagi had little to co 
with the rate changes. Manipulation of the auricles or traction on 
ligatures without producing a stenosis caused no changes in heart. Lite. 
It would seem that the rate changes, when they occurred, were eaiiscc 
by an alteration in the blood supply to the sinus node. 

An abbreviation of total systole of the left ventricle was noted in -6 
out of the 29 experiments analyzed (e.g. Figs. 2, 3) — in some instances 
this occurred despite a lengthening of the cycle (e.g. Fig. 3). In s,x 
experiments systole remained unchanged presumably because the ten( 
ency of the slowing in heart rate to prolong systole balanced the tent 
eney for the stenosis to abbreviate systole. In the three experiments 
where the slowing of the rate was most marked systole was prolongs. 
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The changes in the ejection phase of the left ventricle were similar to 
those in total systole, i.e., an abbreviation in 29 out of 36 experiments 
in which it was measured (e.g. Pigs. 2, 3, 4 and S), no change in four, 
and a prolongation in three. The changes in the isometric contraction 
phase were less striking; a slight abbreviation was found in 16 out of 
29 experiments measured, no change in 10, and a slight prolongation 
in three. 

The striking abbreviation of systole and ejection of the left ventricle 
could be explained cither (1) by the decrease in initial distention of 
the heart Avhich has been shown to produce this change (Wiggers and 
Katz, 22 1922) or (2) by the direct action of the diminished coronary 
flow following mitral stenosis which accompanies the fall in aortic 
pressure. Our observations showed a similar decrease in systole and 
ejection in the right ventricle in every experiment where these phases 
were measured, i.e., four experiments in which systole was measured 



of mV;;. ?•— Pres . sur e curves from left ventricle during vagus slowing showing effect 
as in Vi sten °sis. Segment .4 is control ; B, immediately after mitral stenosis. Time 
of I®*,*' . Horizontal lines were inked in to permit comparisons of the gradient 
01 CU1 ' es during diastole. 


and 15 experiments in which ejection was measured (e.g. Figs. 6, 7 and 
8). The fact that this abbreviation occurred in spite of an increased 
distention of the right ventricle in several instances (e.g. Fig. 6) would 
indicate that the abbreviation of systole and ejection in both ventricles 
ueie caused to a large extent by the diminution in coronary flow which 
0 °^ s ^ le ffdl in arterial pressure. 

(b) Effects on left auricular, left ventricular and aortic pressure 
cm res. 1. Immediate effects. On a priori grounds, a high-grade ob- 

venO' 1011 at ^ 1C 01 ' ifiee should diminish the filling of the left 

en ncle and as a consequence the initial pressure and the maximum 

crea Slne T° Vel ° PCd ^ tilC left vcnt ricle during contraction should de- 
-fm. n ll ° aortie pressure level and pulse pressure should be lowered 
1 Tll ° same reason. 

deci case in the pressure developed during contraction by the left 
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ventricle was found consistently just after obstructing the mitral orifice. 
This change was sometimes accompanied by a fall in initial pressure 
(cf. Fig. 2 A and B), but in most, instances the initial pressure either 
remained unchanged or increased slightly (cf. Fig. 3 A and B ) . This 
unexpected change in initial tension is caused by an unavoidable arte- 
fact. The method of producing the stenosis leads to a deformation of the 
ventricular cavity which tends to increase the ventricular pressure 
temporarily by tending to decrease the ventricular volume, and this 
artefact counterbalances the tendency for the initial pressure to drop 
as a result of a decrease in filling. It is also possible that the change 
in position of the heart in relation to the manometer cannula may be 
the cause of the artefact. 

In several experiments presystolic oscillations were recorded on the 
left ventricular pressure curve (cf. Fig. 2). The aortic pressure level 
and also the amplitude of the pulse decreased following stenosis in prac- 
tically all cases (e.g. segment B, Figs. 2, 3, 4 and 8). This fall in 



(■' — P ress ii r e curves from right ventricle, RY, shoving immediate and later 
0 lot °A mitral stenosis. Segment A is control. B immediately after mitral stenosis, 
,aler during mitral stenosis. RVB, base line for pressure curve. Time as in Fig. 1. 


aortic pressure level would tend to cause a decrease in the coronary 
flow. In several experiments, however, there was an elevation of the 
diastolic pressure although the systolic and pulse pressures decreased 
and the heart rate remained unchanged. This rise in diastolic pressure 
was apparently caused by a reflex vasoconstriction, since sectioning the 
vagi abolished it entirely. 

2. Compensatory Effects. — The decrease in pressure development of 
m left ventricle and the lowering of the pulse pressure and pressure 
GU! ^ 10 aOrta were not permanent, but after a variable time these 
Piessuies tended to increase again toward (e.g. Figs. 2, 3 and 8), and 
occasionally beyond, normal values (e.g. Fig. 3). Four mechanisms by 
V le 1 ofloLg'c was brought about suggest themselves. In the first 
ey 106 .’ ^ le e ^ evat ion in the left auricular pressure which we found in 
to^- instance when traction effects were eliminated (e.g. Fig. 4) tends 
the ~ tJie handicap of the increased resistance to flow offered by 
PDtia stenosis. In the second place, the pumping action of the 
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left auricle is augmented as a result of the auricular distention. This 
augmentation in auricular activity goes hand in hand with the auricular 
distention. It is demonstrated by the increase in the A wave of the 
left auricular and left ventricular pressure curve (cf. Figs. 2 and 4). 
In the third place, there is a consistent prolongation of the time for 
filling which accompanies the abbreviation of systole. The ventricle 
therefore has not only a greater filling pressure head but also a longer 
time to fill. In the fourth place, there is an augmentation in the as- 
piration action of the ventricle (ef. Katz, 11 1930). With filling hindered 
the relaxing ventricle will cause a greater drop in pressure at the 
start of filling, thereby increasing the pressure difference between the 
auricle and ventricle and so tending to facilitate the flow of blood. That 
this mechanism is operating is suggested by the fact that the difference 
in level between the start and end of filling is increased in every in- 
stance after mitral stenosis (compare segment A with segment B C D of 



Fig’. S. — Pressure curves from aorta. A, and pulmonary artery, P, showing im- 
mediate and later effects of mitral stenosis. Segment A is control ; B immediately 
after mitral stenosis; G later during mitral stenosis. AB and PB arc base lines ioi 
aortic and pulmonary arterial pressure curves. Time as in Fig. 1. 

Fig. 3). Part of this difference may be due to increase in auricular ac- 
tivity; however in certain experiments where a vagal slowing was pio- 
duced and the auricular contribution minimized a similar increase in the 
difference in pressure level between the beginning and end of diastole 
was found (cf. segments A and B of Fig. 5). In Fig. 5 this increase 
in the pressure difference is caused by a greater drop at the stall of 
filling and not by any rise at the end of filling as might be expected 
if an augmentation in auricular contribution were the 'cause. 

(c) Effect on right ventricular and pulmonary arterial presume 
curves . — Analysis of our experiments show two opposite efteets on the 
right ventricular and pulmonary arterial pressure curves. In some 
experiments the initial pressure (and the pressure level in the right 
auricle) rises, and accompanying this there is an increase in the pics- 
sure development in the right ventricle (e.g. Fig. 6), and an incie.ise 
in the systolic, diastolic and pulse pressures of the pulmonary artei> 
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(e.g. Fig. 6). This is in agreement with the findings previously re- 
ported by ns 13 (1929) in stenosis of the aorta. The cause is, of course, 
die “damming hack” of blood in the pulmonary circuit and right ven- 
tricle. On the other hand, in other experiments the initial pressure 
and pressure development of the right ventricle decreased after mitral 
stenosis (e.g. Fig. 7) and with it the pressure level and pulse pressure 
of the pulmonary artery also decrease (e.g. Fig. 8). This change is 
attributed in part to the decrease in flow in the systemic vessels and 
coronaries leading to a diminution of the venous return to the right 
heart; in part this change must also be ascribed to the depression of 
both ventricles caused by the lowered coronary flow. The last factor 
is very important as it is the chief difference which exists between these 
mitral stenosis experiments and those of stenosis of the aorta previously 
reported. In a few experiments the adjustment between the effects of 
“damming back” on the one hand and those of reduced venous return 
and diminished coronary flow on the other was so nice that no changes 
in pressure were recorded. In many experiments the diastolic pressure 
in the pulmonary artery rose even though the systolic and pulse pres- 
sures fell. This combination was due to the effect of the “damming 
hack” of blood in the pulmonary artery raising the pressure level, 
combined with the effect of a decreased venous return and coronary flow 
depressing the activity of the right ventricle of which the pulse pres- 
sure was an index. The fact that evidence of “damming back” of 
blood is present in some of these experiments indicates that in the 
intact animal such changes can occur even when the coronary flow is 
decreasing. This observation is contrary to Anrep’s 2 (1925) results 
with the heart-lung, and shows that the heart -lung cannot be used to 
estimate the dynamic changes which occur in the intact circulation. 

During compensation the curves gradually tended to return toward 
normal (e.g. Figs. 6, 7 and 8). 


SUMMARY 

}• hgature method was developed to produce stenosis of the mitral 
oiifice with a minimum of artefacts due to traction and with no inter- 
eicnee with the coronary supply to the ventricle. The cardiodynamic 
c Ranges were studied in dogs by optical manometers recording on 
nomide paper. The importance of recognizing, minimizing and evalu- 
a hng the effects of artefacts is emphasized. 

2. Experimental stenosis of the mitral orifice produced the follow- 
J ng immediate changes : 

j*' A variable amount of slowing of the heart rate in most cases. 

n A marked abbreviation of the ejection and total systole time in 
both ventricles. 

c. An elevation in the pressure of the left auricle. 

• 1 u increase in the magnitude of the left auricular contraction. 
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e. A decrease in the maximum pressure developed by the left ven- 
tricle. 

f. A variable change in the level of the initial pressure of the left 
ventricle (due to an unavoidable artefact). 

g. A fall in systolic, diastolic and pulse pressure in the aorta. 

h. A variable change in the pulmonary arterial and right ventric- 
ular pressures; the pressures sometimes fell, sometimes rose or re- 
mained unchanged. 

i. The occasional appearance of presystolic oscillations on the left 
ventricular pressure curve. 

j. A steeper gradient of pressure rise during diastasis in the left 
ventricular pressure curve. 

3. These changes are in part the direct result of the stenosis, causing 
impediment of flow to the left ventricle and “damming back” of fluid in 
the pulmonary circuit. In part they depend on the decrease in coronary 
flow resulting from the fall in arterial blood pressure. 

4. Compensatory mechanisms soon tend to restore conditions toward 
normal. Evidence is given which suggests that these compensatory 
mechanisms include: (a) an increase in the pressure head of the left 
auricle, (b) an increase in the magnitude of auricular activity, (e) a 
prolongation of the time for diastolic filling, and (d) an augmentation 
of the aspirating action of the left ventricle as evidenced by the steeper 
rise of the diastolic portion of its pressure curve. All these factors 
tend to overcome the impediment of the obstruction, thereby augment- 
ing left ventricular filling and lessening the damming up of blood in the 
pulmonary circuit. 
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EXPERIENCES WITH TIIE DERMAT1IERM (TYCOS) IN 
RELATION TO PERIPHERAL VASCULAR DISEASE 

I. Normal Studies- 


Howard C. Eddy, M.D., and Howard P. Taylor, M.D. 
Cleveland, Ohio 


T HE study of t-lie various pathological conditions of the extremities 
which arc due to an inadequate blood supply has long been ham- 
pered by the lack of satisfactory methods of determining both the 
total blood supply to the part and the relative weight to be assigned 
in any given case to the factors of vascular occlusion and vascular 
spasm. 

Numerous studies of the circulation of the extremities have been at- 
tempted, but none has given complete satisfaction. Slow cumbersome 
methods have had the additional disadvantage of gross inaccuracy. 
Palpation gives information for the lower extremity only in regard to 
gross changes in the major vessels in four situations, i.e., the femoral 
artery in the groin, the popliteal artery in the popliteal space, the 
posterior tibial at the ankle, and the dorsalis pedis. No clue is given 
as to the state of these vessels at other points or the possible develop- 
ment of anastomotic channels. 


Stewart 1 studied the circulating blood volume in the extremities by 
elaborate calorimetric methods and succeeded in establishing a mini- 
mum value for circulating blood volume per unit weight in normal 
extremities. His method required an exacting technic and was not 
suitable for use outside the physiological laboratory. It also possessed 
the additional disadvantage of not giving differential results in the 


various regions of the extremities. 

Cohen 2 and Stern 3 introduced the saline wheal test as a measure of 
the blood supply in arterial disturbances of the extremities and set 
up clinical standards for its use. This test measures the relative 
speed of imbibition of an intra dermal saline wheal by the surrounding 
tissues and hence is only an indirect index to the local blood flow. 

Stair 4 has recently brought forward the histamine test and used it 
latliei extensively in arteriosclerosis and cases of diabetes mellitus 
With and without gangrene. 

The Pachon oscillometer has proved a valuable adjunct to the 
^ucy of vascular diseases but takes no account of the slow ooze of 
■ — ough minor vessels. In addition, the instrument is easily 
Ei°m the Department of Surgery, the Lakeside Hospital, Cleveland, Ohio. 
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deranged and difficult to employ in clinical work as it requires the 
absolute cooperation of the patient. 

D’Oelsnitz and CorniF introduced the method of paralyzing the 
sympathetic innervation of the capillaries of the extremities by a con- 
striction band applied for five minutes and measured the resultant 
effects by means of Paclion’s oscillometer. 

Direct measurement of skin temperature has been attempted, and 
recently Ipsen fi published a considerable series of observations based 
on “skin-felt” temperatures, i.e., temperatures recorded with a mer- 
cury thermometer on areas of skin previously covered for a consid- 



erable period of time by strips of felt to control the factors of beat 
radiation and insensible perspiration. Such a method is ohsiousj 
time-consuming and does not permit virtually simultaneous obsena 
tions of several areas. 

Electrothermal devices have been developed and used b> main m 
vestigators, notably by Benedict and bis coworkers,' • s but as used m 
the past the junctions of the thermopile have been introduced into t ic 
barrel of a hypodermic needle. Such an arrangement, while -ndua > c 
for obtaining temperature readings on the subcutaneous tissues, m 
its practical application is so unpleasant to the patient that it is n 
feasible to attempt a large number of readings on a single patient 01 
any large series of normal readings. 
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Tlic latest apparatus introduced for use in tin* study of peripheral 
vascular diseases is the Delimit herm. an improved electrothermal in- 
strument for measuring surface temperature developed l»v the Taylor 
Instrument Company of Rochester, New York, under the direction of 
l)r. W\ d. Merle Scott 1 ’ of Rochester. This instrument is described as 
a thermopile with its sensitivity increased by placing four couples in 
series. The galvanometer is calibrated directly in decrees Centi- 
urado. The reading in decrees is added or subtracted from the read- 
ing of the constant temperature couple which is maintained within a 
thermos bottle. This gives the surface temperature. 



- Maximum ami minimum Ms In tmujienitures of ilfty normal medical students. 


flii.s instrument hits been used by Morton and Scott'"' 11 in studies 
°1 the vasoconstrictor gradient of the extremities. Studios have been 
attempted to show the influence of spinal anesthesia and inhalation 
anesthetics in the reduction of the vasomotor tone of the extremities. 

l dc'- lias introduced procaine blockage of the peripheral sym- 
Ntlicfies as a test, to evaluate Ihe factor of vasospasm in the extremi- 
ics. He describes a simple technic for obliterating completely the 
^'isomotor gradient; of the extremities. 

n this paper we shall present the results of studies with the Dermn- 
ou normal medical students. 

tea U atteni l )1, was ma d° to set. up a normal standard for the surface 
^Peiatiu-es of the body in healthy young adults. For this purpose 
J medical students were chosen. The rectal temperature, pulse, 
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Fig. •). — Average and mean skin temperatures of fifty normal medical stude 
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respiration, blood pressure, age, height, weight, and build of each stu- 
dent was recorded. Each student was then stripped in a room the tem- 
perature of which was 20° C., and after live to ten minutes the sur- 
face temperature was determined for fifty-two separate points over 
the body and extremities. 

The technic of recording was quite simple. The thermo-couple rvas 
applied gently to a shin surface for from six to eight seconds, at the 
end of which time the galvanometer needle was at rest. A total of 
approximately fifteen minutes sufficed to record the pulse, respiration, 
blood pressure, rectal temperature and fifty-two surface temperature 
readings. The extreme ease with which these readings could be taken 



P'S. 5. Effect of prolonged exposure of skin surface of five normal medical students 

to air at room temperature. 

made possible the recording of a fairly complete series of skin tem- 
peratures on a large group of students. These results are presented 
in graphic form in Figs. 1, 2, 3, and 4. 

DISCUSSION 

An average of fifty determinations showed no difference between the 
two sides and no definite development of a vasomotor gradient in 
the upper extremities. In the lower extremities below the knee there 
nas a definite development of a vasomotor gradient, the foot being one 
0 degrees below temperatures at the popliteal space. Tempera- 
uxes at the base of the great and small toe were from two to three 
e gxees below those in the popliteal space. 
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A considerable number of rather slender individuals were encoun- 
tered with a moderate hypotension and a tendency to cyanosis in the 
extremities who showed a marked development of vasomotor gradi- 
ent in tlie lower extremities and to a lesser extent in the upper ex- 
tremities. It must be emphasized that in none of these individuals 
was there evidence of a pathological condition. They were merely 
individuals of the asthenic habitus. The extreme range in tempera- 
ture variation was four to five degrees for the body, four to six de- 
grees for the hands, and six to eight degrees for the feet, A com- 
parison of the average and mean values tended to show that the most 
pronounced divergences from the normal were in the increased values 
found for the hands and the markedly decreased values found for 
the feet. 

Stated simply, the “sports” were individuals with hot, moist, 
flushed hands and the individuals with cold, clammy, cyanotic feet. 

Further study with the Dermatherm was undertaken to determine 
the effect when a longer period was allowed for the skin temperature 
to come to equilibrium with that of the air of the room. For this 
purpose a group of five medical students was tested as in the previous, 
series. They then remained nude for one hour at room temperature 
(20° C.) and were again subjected to a complete series of skin tem- 
perature measurements. Xo really significant variations were ob- 
served after an exposure of one hour at a temperature of 20° C. 
These results are summarized in Fig. 5. 

CONCLUSIONS 

An attempt to establish normal skin temperature averages for a 
large number of definite points over the body and extremities by 
studies on fifty normal medical students with the Dermatherm (Tycos) 
resulted in the determination of an average value of 32.5 ° C. for the 
body after short exposure to the air with reduction of one to two 
degrees for the upper extremities and two to three degrees for the 
lower extremities. The vasomotor gradient is most pronounced in 
the hands and below the knees. The range of temperature variation 
of four to five degrees over the body, four to six degrees over the 
hands, and six to eight degrees over the feet suggests that no ac- 
curate average standard can be set up according to which all patients 
should be arbitrarily judged. The Dermatherm is, however, a com- 
pact instrument, simple and quick in its operation and apparent } 
very accurate. Comparative studies on the same patient with the 
Dermatherm to determine the vasomotor gradient, occlusion index, 
etc., by use of various means of temporarily or permanently paia- 
lyzing the sympathetic supply to the peripheral vessels should prcne 
of great value in estimating the relative part played by vaso-occlusion 
and vasospasm in the individual case of peripheral vascular disease. 
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THE DURATION OF ELECTRICAL SYSTOLE AS AN INDEX OF 
MYOCARDIAL EFFICIENCY* 

William Dock, M.D. 

Sax Francisco, Calif. 

O AZETT 1 noted that the studies of Patterson and Starling indicated 
*-* " a close relationship between the duration of systole and the de- 
gree of dilatation of the heart. Numerous physiologists have studied 
the relation of systole length, measured from mechanical or electrical 
records, to the heart rate, and several formulas have been evolved to 
express this relationship. This phase of the problem has been 
reviewed by Wiggers 2 and more recently by Cheer and Li, 3 who 
reported on the duration of electrical systole in 178 Chinese subjects. 
In a preliminary paper on patients with cardiac failure, Cheer 4 brings 
forward evidence which strongly supports Bazett’s view that the 
duration of systole may be a reliable criterion of cardiac dilatation. 
In brief, the systolic index was definitely greater in the patients with 
cardiac failure than in the normal controls. The most extensive work 
on this problem is that of Fridericia, 5 who also observed a prolonga- 
tion of systole in certain cases of cardiac failure. 

In order to be of value to the clinician any index of cardiac effi- 
ciency must vary with the severity of physiological impairment and 
of symptomatic distress. It is also very desirable that there shall he 
but little overlapping of the range of indices of normal and of patho- 
logical conditions. Thus, the vital capacity is of value since very few 
normals have readings of less than 80 per cent and practically no bed- 
ridden cardiac patients have 60 per cent of the predicted vital capac- 
ity. In order to reexamine the value of the systolic index I have 
measured a relatively small series of tracings of three groups of cases: 
(1) clinic patients of various ages, with vital capacities over 80 per 
cent, normal electrocardiograms, and no demonstrable cardiac dis- 
ease; (2) a similar group in which there was a left axis deviation in 
the electrocardiogram, but also without symptoms of cardiac failure 
(these patients were all ambulatory) ; (3) a group of patients with 
normal electrocardiograms or with left axis deviation, but with vital 
capacity less than 51 per cent of normal (these patients were all 
under treatment for cardiac faihue). The series was small because 
it was immediately evident that while the average index was pro- 
longed in cai'diac disease, the normal and pathological indices over- 
lapped in a considerable percentage of each group and that there was 

•From the Department of Medicine, Stanford Universitv Medical School, San Fran- 
cisco. 
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practically no difference between tlie group with left axis deviation 
without other evidence of heart disease and the group with advanced 
myocardial failure. 


METHODS 

The eases were taken in alphabetical order from the electrocardiographic tiles. The 
Q-T and R-It intervals were measured in the throe standard leads, unless the T-wave 
was absent in one lead, ns occasionally occurred. Two formulas were used to calculate 
tho length of systole in terms of heart rate: K = S / VC, and K = >S/ 3 V C, 
where K is the systolic index, S the Q-T interval, and C, the It -It interval. A study 
of the indices in the 9 fastest, and 9 slowest normal men’s hearts indicated that 
the v C correction gave too high indices for the more rapid hearts. This probably 
explains, in part, the greater length of systole after exercise (noted by Bnzett) and 
in women (Bazett; Cheer). However, the indices obtained in lveart-block (5 cases) 
and in some normal patients with slow pulses suggested that below GO per minute 
tlie c correction gave too high an index. At GO beats per minute the cycle 
length is 1 and tho index is the same with either correction. It would, perhaps, 
he safer to use 3y c for cycles less than 1 and V C for cycles longer than 1 sec- 
ond. I have used this method since it gives the narrowest range of variation in 
each of the groups measured by me. 


RESULTS 

(a) Normal Men. In 20 patients, ages twenty-three to sixty-six 
years, average age 41.3 years, the average systolic index when Q-T was 
divided by square root of R-R interval was 0.3841, if divided by cube 
foot of R-R, 0.3722. For the nine fastest heart rates the square root 
formula gave an average index of 0.400, the nine slowest an average 
of 0.374. With tlie cube root formula the averages for the same groups 
were 0.376 and 0.374 respectively. The formula for systolic index 
adopted for use (K = S V C when C>1, and == S 5 V C when C<1) 
gave an average index (K) of 0.3714, maximum 0.401, minimum 0.347. 

(b) Normal Women. The average age of 20 women was 34.6 years, 


— 

„ le °blest was sixty, the youngest eighteen 


years. The square root 


formula gave an average of 0.3980, the cube root 0.3794; the final 
01 mula 0.3789, maximum 0.417, minimum 0.341. The average cycle 
Migtli of the women was 0.751 sec., of the men 0.852 see. The differ- 
ence in systolic indices of male and female (0.0074) is only 2 per cent, 
1 U1C b)1 ^his sm all series is not significant, particularly when the dif- 
lT c ^ c ^ e ^ en okh is considered. However, when 8 pairs of males 
lar" Gma ^? S having equal cycle length are compared, 6 women have 
re!* 361 v diceS ’ anC ^ 0n ^ r t,w0 men have indices greater than the cor- 
^sponcing female. On the average, the index of systolic duration of 

nml K S1 ° rter ’ irL tllis series of 8 > b y 0.011. I also Paired 8 of Bazett’s 
anc ^ females, and here the same number, 6 females, bad larger 
®eii CeS t5le iemale avei- age index was 0.030 larger than that of 
eut 1' 1 . 1 flle same heart rates. It would seem, then, that iudepend- 
pf el , ,! e avei ’age differences in heart rate, women have a duration 
Heal systole 3 to 5 per cent greater than men. 
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u\ 77,,- Duration of Systole in Abnormal lit arts. TIic findings in 
10 men and 10 women with loft axis deviation hut without heart failure 
and with vital capacity greater than 80 per rent, and in 10 men and 
10 women with heart failure and vital eapaeity of loss than 51 per 
cent (average 42 per rent ) are summarized in Table 1. None of these 
patients had any arrhythmia except occasional ectopic heats. Hyper- 
tension was present in about one-hall .o! the first group, b rom the 
table it is evident that the systolic index is of little value in dis- 
tinguishing the failing heart from the hypertrophied one. and that 
65 per cent of failing hearts have indices within the normal range. 
Obviously the vital capacity is a more reliable and a much more 
sensitive index of cardiac function. The vital capacity of the group 
with heart failure was less than half that of the group with only left 
axis deviation : the systolic index was. on tin* average, tin* same, and 
only 10 per cent of the decompensated patients had indices greater than 
the largest index of the patients of the same sex who had cardiac 
hypertrophy without failure. It is. however, true that an index 
greater than 0.450 m men or 0.105 in women is rarely seen except in 
badly damaged hearts. 


mscrssio.v 

The results of mv measurements of normal hearts show that, making 
due correction for the differences in cycle length, there still remains a 
real difference in the duration of systole in men and women, systole 
being longer in the loiter. They also show that, both in men and in 
women, the shift in axis deviation to the left, occurring in middle 
age and particularly with a rising blood pressure, is associated with 
a Prolongation of systole although not necessarily with any fall in 
Mtal capacity or symptoms of heart failure. Also, when heart failure 
does occur, the duration of systole is not increased beyond the normal 
lan " c {, bout one-third of the eases, and the average duration is not 
much greater than in patients with hypertension and left axis devia- 
10,1 "bo have no cardiac distress or evidence of heart disease. The 
sjstolic index is therefore not of significance in distinguishing early 

Cases myocardial weakness, and a normal index does not rule oul 
severe cardiac failure. 

5\]ui e the findings in this short series indicate that the duration of 
^ectiical systole cannot, be correlated with the signs or symptoms of 
they leave certain points open for further study. A 
Must ) lge mnn,Jor °* non, nds, of various age groups and pulse rates, 
dete- ' G StUl ^ ec ^ * n ov d°r to define the limits of the normal, and to 
-- ^ ,e ^ lcl ' ^ should be based on the square root or the cube 
Cor ° ^ c ^° * en gth at various rates, or whether the cube root is also 

I C 01 r;i tes slow'd- than GO per minute. 

as ' 3een bold that the duration of mechanical systole is 
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nifieant than the duration of electrical systole. From a small series 
of clinical records, in which sounds and electrocardiograms were 
recorded simultaneously, there was strong- evidence against the 
superiority of mechanical systole, for in patients with gallop rhythm 
the electrical systole was from 8 to 25 per cent longer than the Q-A„ 
interval. The systolic index, based on the Q-T interval, averaged 
0.395, while that based on the-Q-A, interval averaged 0.336 see. In 
four normal subjects and four compensated cases of mitral stenosis, the 
Q-T and Q-A 2 intervals had the same average duration. This suggested 
that in myocardial failure, particularly in the hypertensive patients, 
mechanical systole may be shortened although electrical systole is 
prolonged. There is some experimental confirmation of this in the 
work of Wiggers and Katz, G who observed a shortening of mechanical 
sj r stole on raising the diastolic pressure of dogs. However, they be- 
lieved this to be evidence of good myocardial function. 

It may be noted that my findings as to prolongation of systole in 
patients with left axis deviation confirm the obseiwation of Meakins 7 ; 
also there is fairly close agreement between the average normal 
figures, and the average figures in heart failure in this series and in 
Cheer’s series of normals and his series of eases of hypertensive heart 
failure. Such agreement greatly increases the statistical significance 
of the findings in this short series. 

CONCLUSION 

The most satisfactory constant for the prediction of normal dura- 
tion of systole at varying heart rates is obtained by the formula: 
K — S / V C if C is greater than 1.0 second, and S / 3 V C if C is less 
than 1.0 second. The cube root gives a more satisfactory constant, at 
rates between 60 and 120 per minute, than the square root of the 
cycle length. 

There is a slight but definite difference in the duration of systole in 
normal men and women, even when individuals with the same heart 
rates are compared. Systole is 3 to 5 per cent longer in women. 

In patients with heart failure the average index of duration of 
systole was 7 per cent greater than in normal individuals, and was 
the same as that of the group of patients with only left axis deviation. 
The average vital capacity of the first group was 94 per cent, of the 
left axis deviation group S6 per cent, of the heart failure group 42 
per cent. 

The systolic duration is not a satisfactory index of cardiac func- 
tion, as only one-third of the failing hearts have systoles longer than 
the maximum found in a group of 20 normals of the same sex, and 
the duration is practically the same in hypertensive patients with 1°^ 
ventricular preponderance, but no evidence of failure, and in patients 
who are badly decompensated. 
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ELECTROCARDIOGRAPHIC CHANGES IN PNEUMONIA* 

A. M. 1\L\ster, M.D., A. Romaxoff, M.D., axd H. Jaffe, M.D. 

New York, N. Y. 

D AILY electrocardiographic records were taken on forty-five pa- 
tients with lobar, and seven patients with bronchopneumonia. Our 
object was to learn whether any graphic evidence of cardiac involve- 
ment occurred during the disease. This is of importance for many 
reasons. Most clinicians feel that the circulatory apparatus plays an 
important role in pneumonia ; in fact, failure of this system is believed 
to be a common cause of death. Pneumonia is cited as a cause of 
acute and chronic pericarditis, acute myocarditis and acute endo- 
carditis. It may be an important factor in such cardiac disturbances 
as tachycardia, bradycardia, premature beats, auricular fibrillation, 
auricular flutter and heart-block. 

No direct electrocardiographic study has hitherto been made in this 
disease. Robinson 1 in 1912 observed a prolongation of the P-R interval 
in the “dying heart” of two patients with pneumonia. Cohn and 
Jamieson 2 in 1917 in their investigation of the action of digitalis in 
pneumonia used fifty-six patients as controls, i.e., these patients received 
no digitalis. In two of these, P-R and T-wave changes were found; and 
in eight patients T-wave abnormalities were discovered. There is, how- 
ever, no exact description of what these T-wave changes consisted. We, 
ourselves, have only considered T-wave inversions and flat T-waves. 
Again, Cohn and Jamieson usually took only one or two records in 
each patient throughout the entire illness, but it will be shown that the 
changes in pneumonia are often transient, and hence daily tracings arc 
essential in investigations ox this kind. In a more recent work of 
Burnett and Piltz 3 on the acute infections, T-wave, P-R and QPS 
changes were noted in six cases of pneumonia. Unfortunately these 
authors do not state whether their patients received digitalis. The 
effects of this drug must be excluded in order to be certain that the 
electrocardiographic changes are due to the disease itself. Two of us 1 
have recently made a preliminary report on twenty-six pneumonia 
patients, but this larger series is reported in more detail. Electro- 
cardiographic records were taken every day on patients who received 
no digitalis either before admission to the hospital or during their stay. 
It should be stated at the outset that the electrocardiographic changes 
reported in this paper, although at times of minor degree, were always 
definite. The changes were gradual, either in development or in dis- 
appearance, or in both, and hence it is felt that even the minor changes 

»Proi;i the Cardiotrraphic Eaboratorv. and the 'Modi cal Service of Dr. Deo KwU 
tfi- Mount Sinai Hospital, New York City. 
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M-evc of significance. They arc not due merely to breathing, change of 
position, drugs, etc. Our tracings were always taken will) the patient 
in the supine position. 

The following three cases illustrate the chief electrocardiographic 


findings in our series. 
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<K ‘ 1- U *. u 'r 31. third day of illness. Temperature 103°-104.ri° F., T;-a inverted. 
Aug-, l, temperature 103°-1,07° F„ T 2 Uat. Ta inverted. 

Aug. 2, temperature 100°-105 < ’ F„ Tw normal, R-Ti-j slightly abnormal. 

Aug. s. temperature normal, R-Tt -2 above isoelectric level. 

Aug. 21, return visit. R-T,.„ still above isoelectric level. 

^Case 1.— Patient B. Me. (31G9S0), a. girl of nineteen years, was admitted July 

siou 1030 ’ and ^schargecl August 21, 1930. Four days prior to the hospital ndmis- 
ou siio had gone swimming and caught a “cold.” Two days later a slight 
dev . U(! ^ rc C0lI 8l 1 se t in, followed by a chill. A sticking pain in the left chest then 
°ped. On examination the patient was an acutely ill, well-developed and 
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well-nourished girl. Her temperature was 104° F., the pulse rate was 132 per 
minute, the respiration 28. In brief, signs of consolidation were found in the 
right upper lobe with involvement also of the right base. These findings were 
confirmed by the roentgen film. Examination of the heart revealed a marked 
tachycardia, but the heart sounds were good. A short systolic murmur was heard 
at the apex. No pericardial rub could be heard on admission or at any other time. 
On August 4, the heart sounds were slightly muffled. The temperature fell to 
normal on the fifth and sixth days by rapid lysis. Five of her many daily 
electrocardiograms are shown in Fig. 1. The inverted T-wave in Lead II, present 
on admission, disappeared within forty-eight hours. On the eighth of August, 
abnormalities of the E-T interval in Leads I and II were noted, occurring, in- 
terestingly enough, with the subsidence of fever. These E-T changes persisted 
throughout the stay in the hospital, and in fact were present a month later when 
the patient was examined at a follow-up clinic. At this visit she presented an 
overacting heart, and complained of some shortness of breath on exertion, easy 
fatiguability and palpitation of the heart. None of these symptoms had been present 
before her illness. 



Fig'. 2. — Oct. 8, sixth day of illness. Temperature 104° F., normal sinus rhythm. 

Oct. 11, date of death, temperature 101° F„ auricular fibrillation, R-Ti-i-s 
markedly abnormal. 


Case 2— Patient P. Z. (319101), a carpenter, fifty-eight years of age, entered 
the Mount Sinai Hospital October 7, 1930, and died October 11, 1930. IPs' 
symptoms began four days before admission with a chill, and pain in the right side 
of the chest, which was aggravated by cough or by deep respiration. The patient 
was acutely ill and was very dyspucic. The signs of lobar pneumonia were present 
at the right base and were confirmed by teleroentgenogram. Pneumococcus Ijpc 1 
was found in the blood culture. The temperature ranged between 101° and 104 I - 
The heart rate was rapid, the heart sounds became poor and cmbryocardial in 
character. The dyspnea, orthopnea, and cyanosis increased. An oxygen tent uns 
utilized to relieve the cyanosis. In Fig. 2 a normal record is seen. Three days 
later, the day on which death occurred, a high take-off of the E-T was observed, 
together with auricular fibrillation and a ventricular rate of 130 to 210 per 
minute. The oxygen therapy produced no change in this electrocardiogram. A 
post-mortem examination was obtained and there were found a lobar pneumonia 
of the right lung, an acute fibrinopurulcnt pleuritis of the right lung, an acute 
fibrinopurulent pericarditis, and some arteriosclerosis of the aortic cusp of the 
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mitral valve, north; valve ami the aorta. The coronary arteries were patent through- 
out There were numerous small foci of parenchymatous degeneration of the mus- 
cle fibers. 

0 AS! . 3 Patient 1). S. (317351), an eighteen-year-old Porto Rican was admitted 

August 12, and discharged August 20, 1030. There was a history of cold in the 
head with running nose, sore throat and cough of two weeks’ duration and a jnoro. 
recent story of fever with pain in the left chest aggravated by cough and breathing 
for four days. One day before admission he coughed blood-streaked sputum. lie 
was an acutely ill boy, with a stiff neck and signs of pneumonia in the left lower 
lobe. His temperature on admission was 103° F. Cradunlly and somewhat ir- 
rcgularlv the temperature became normal by August l!b The electrocardiograms 
(Fig. 3) show at first a tachycardia of 105-115 per minute, an auriculo-ventricular 
conduction time of 0.1(1 seconds and normal R-T intervals. The P-K interval slowly 
increased to 0.20 seconds on August IS, with a heart rate of At per minute; 


Ltad X L c. <K d JL 




2o 




t,. 3 — Aug. U sixth day of Illness, temperature fl8 c -io3° F„ P-H 0.1G seconds. 
Aug. j.0. temperature normal. P-U 0.20 seconds, R-T, : abnormal. 

Aug. -G, lemperaturo normal, P-n 0.22 seconds. It-T,.-., abnormal. 



^en 0.22 second on August 25. On August IT, R-T abnormalities had become 
turi° 11 *'* ^'* S ClSC i" Ufavn tcs the onset of partial auriculo-ventricular block, R-T dis 
^r anees and bradycardia with subsidence of temperature to normal, i.c., will 

°iulischa COnValcsconcc o£ thc Parent. The PR- and R-T changes were still present 


obles I and II summarize the electrocardiographic changes found in 
e series of 52 eases. The rate, rhythm, QRS group, auriculo-ventric- 
tric ] C0U< ^ UC ^ On £ ' mc > T-tvave, and QIvS-T intervals, P -waves and ven- 
fiff 6 '- 1 / 11 £)le P° nc ^ 01 ' ail cc were closely observed. Thc majority of our 
V, ° P a£ac Fts were young adult males, only lliirtcen were females. 
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An increase in the P-R interval, i.e., an increased aurieulo-ventricnlar 
conduction time was a significant finding (Tables I and IT) and oc- 
curred in 35 per cent of the cases. All hough this delay was never so 
marked as one often finds in acute rheumatic fever, nevertheless it was 
definite. In thirteen patients the P-11 interval increased to 0.20 seconds, 
in two patients to 0.21 seconds, in one patient to 0.22 seconds, and in 
two others there was a prolongation of the P-1? interval to 0.24 seconds. 
The P-I? interval increased as the patient became convalescent, in fact 
the highest figures were first noted on the day of discharge. No in- 
crease in the P-1? interval was observed in any of the fatal cases. This 
is another way of stating that, the delay in aurieulo-ventricnlar conduc- 
tion is a phenomenon of convalescence. Dykes 5 in 1012, by means of 
jugular vein and radial artery tracings, found a temporary partial 
heart-block in a t wen ty-threc-y ear-old patient with a lobar pneumonia. 
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4.— May 12, third day or illness. Tempera tun- 100°-10<° T<\, Tt fiat and slightly 
tit _ inverted. Ts-n inverted, R-Ts-n abnormal. 

May IS, T -waves practically normal, R-Ts still abnormal. 


This occurred after the crisis and lasted for four, weeks. In the il- 
lustration given by Cohn and Jamieson 2 at t he end of their paper, an 
U' ci ease in the P-1?, interval to 0.21 seconds is present in a patient in the 
j OUith week of convalescence. A delay in conduction occurring during 
convalescence, was reported by Hyman 11 in patients with influenza. 

^ on patients were tested to study the effect of atropine sulphate on 
,, le axu ^do-ventricular conduction time. In only two instances was 
j, 1 ? 0 a definite decrease. In one individual a P-R of 0.20 seconds was 
etuce to 0.16-0.18 seconds, and in another to 0.16 seconds, on the 
~°n of 1/50 grain of atropine sulphate intravenously. 

M °! euc ^ cnce of pericardial or myocardial impairment, close scrutiny 

"Were Tn ° U i^ 0 . T ' wavc a,1(l RS-T intervals. Changes in each lead 
diseov ° daily. Negative T-waves in either Lead I or II were 
ei e m ten individuals. In three cases the inversion, or partial 
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inversion occurred in all three leads. Two of these patients died 
within two days after these changes appeared (Fig. 4). Negative 
T-waves in Leads I and II may be significant of an extremely toxic 
and fatal pneumonia. In seven patients the T-wave inversions were 
found in Leads II and III (Figs. 1 and 5). The mortality rate of 40 
per cent in the ten patients with inverted T-waves is much higher than 
that of all the patients (17 per cent). Another way of emphasizing the 
significance of T-wave inversions is to state that of nine fatal cases the 


L=~dH L-c^irr 



Fig-. 5. — April 15, third day of illness. Temperature 100°-103° F„ R-Ti- 5 abnormal. 
April 23, temperature normal, T:-s inverted. R-T 1-2 abnormal. 

April 24, temperature normal. Ts normal. R-T 1-2 abnormal. 

Oct. 4, return visit. IR-Ti-s still abnormal. 

T-waves were inverted four times, or 44 per cent, whereas in those that 
survived the incidence was only 14 per cent (Table II). 

Although the inverted T-waves were of the cove-plane shape, a con 
tour described in coronary artery closure, no coronary artcij imo tc 
ment was found in any of the patients examined on the post -men cm 
table. Within 48 hours the inverted T-waves were normal again m a 
the patients who survived. In spite of their “coronary aiten con 
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tour tlie T-wavc inversions in pneumonia were always slight. They 
thus differed from the deep T -waves so often seen in coronary artery 
closure, rheumatic pericarditis, and hypertension. 

Flat or iso-electric T-waves were noted in four individuals. One of 
these patients died. Actually Hal T-waves were observed twelve times, 
but in eight cases these subsequently became inverted T-waves and 
licncc these patients have been enumerated among those with T-wavc 
inversions. However, these facts give additional significance to an 
isoelectric or flat T-wavc. since it may become inverted. Flat T-wavcs 
have been considered of significance in rheumatic fever, coronary artery 
disease, and pneumonia. 7 

The large number of RS-T changes were of interest and may be of 
importance (Tables I and II). These abnormalities, when marked, 
have been considered almost pathognomonic of acute coronary artery 


LtajI L OCX AZT L^^<dUL 



6. Sept. ,1, fifteenth day of illness. Alternation of the QRS group. 
Sept. 6, date of death. 


closure, 8 and have been described also in acute rheumatic fever. 0 
Levine 10 gave one illustration of R-T abnormalities in a patient with 
pneumonia, which occurred after return of temperature to normal. 
Shearer 11 reported a case with similar electrocardiographic findings, also 
piescnt when the patient’s temperature dropped to normal. Shearer’s 
Patient recovered, and no reason was found for the R-T change. 

These abnormalities in the RS-T period were observed in forty -two 
0 the forty-five patients with lobar pneumonia (93 per cent), but only 
once m the seven patients with bronchopneumonia (14 per cent) 
clc^ 0S ^ aiK ^ an< l Figs. 1, 2, 3, 4, 5). It should be said that in 
c j (non cascs ihese changes were slight. However, that they were definite 
innes° eS ^ * )10Vec ^ ky the fact that either at the beginning or end of the 
clever ^ ie F'S-T intervals were normal. In other words, they were 
la l011s fr’ om the normal for the particular patient. One of the most 
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striking examples of the RS-T changes was that of Case II, previously 
described, who was in the hospital three days with lobar pneumonia 
involving the entire right lung (Fig. 2). 

Although Levine 10 believed that the R-T abnormality -in pneumonia 
could be differentiated from that seen in acute coronary artery dis- 
ease, it is our belief that this is impossible. However, in the former 
disease the R-T change returns to the base line whereas in acute 
coronary artery disease the T-wave becomes inverted. We have never 
seen this phenomenon . in pneumonia. 

The R-T deviations first occurred usually at about the fifth, sixth, 
seventh or eighth day of illness (Figs. 1 to 5). Actually they coincided 
with the drop of temperature and the beginning of convalescence of the 
patient. Usually they persisted throughout convalescence, and occa- 
sionally for weeks afterward (Figs. 1, 5). In all but four cases the 
R-T abnormalities were above the isoelectric level rather than below 
and in the great majority of cases occurred in Leads I and II only. 

In thirty-five individuals a simple tachycardia was observed early in 
the disease, when the fever was high. The most marked tachycardia for 
the fatal cases averaged 159 per minute, whereas for those who re- 
covered the average highest rate was 109 per minute. These numbers 
refer to the highest rates of the tachycardia noted in the patients, and 
not the average heart rate. The relation of tachycardia to prognosis 
has been noted and emphasized by clinicians for years. 0slei >12 says, 
“Certainly the mortality increases very rapidly when the pulse rate 
passes 125.” 

A simple bradycardia was observed at some time or other in twenty- 
four patients. The slow rates occurred in convalescence and only when 
the temperatui'e was normal. Rates as low as thirty-six beats per min- 
ute were observed. No slow rate was observed in the fatal cases. To ten 
patients kvr, to % n grain atropine was given intravenously. In seven 
individuals no response was obtained. One of these received %o g ram 
when his rate was 120 per minute, and later during convalescence when 
his l’ate was 58 per minute. On the other hand three patients de- 
veloped an increase in rate ranging from 20 to 75 additional beats per 
minute on administration of %o grain atropine sulphate. 

A definite sinus ari’hythmia occurred twenty-two times, usually dur- 
ing late convalescence, and usually when a bradycardia was present. 
Atropine sulphate did not alter the arrhythmia. 

Change in size of the T-wave occurred in practically every patient 
with a bradycardia. As the heart rate became slower, the T-wave became 
larger. A difference of at least 2 mm. was noticed before such a change 
was accepted. This inci’ease in size of T-waves was observed in twenty - 
one patients with lobar pneumonia and not once in bronchopneumoia. 

Auricular premature beats were recorded twice and ventricular pre- 
mature beats once. One of the patients showing auricular prematuie 
beats died. In one of the fatal eases an “alternation” of the QRS 
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complex was noted on the electrocardiographic 1 racing (Fig. 6) and 
this change was observed also in a patient who recovered. Auricular 
fibrillation was noted in two patients, both of whom died. Another 
patient who revealed an auricular flutter survived. 

Changes in the P -waves and in the T-waves in Lead III were not 
uncommon, the former was found in three patients, the latter in eleven. 
A change to left axis deviation was observed three times. An altera- 
tion in the size of the QRR group was seen twice; a change from a. 
widened QR.S to one of normal dimensions, once; and a loss of notching 
and slurring, once. 

There were nine fatal cases in this series of fifty-two patients. Post- 
mortem examinations were obtained in all. One ease (Case 2) has 
already been described and il was the only one in which the heart was 
severely damaged, as proved by gross and microscopic examination. In 
seven other cases the microscopic findings showed slight, moderate, or 
severe degrees of parenchymatous degeneration. The changes were 
enough to identify the hearts as damaged but not enough to have alone 
produced death. These eight patients ail showed R-T changes. The 
ninth ease, one of bronchopneumonia, had an entirely negative heart. 
In this patient, no R-T changes were present. 

In general, among the nine fatal eases, the tachycardia ranged from 
105 to 210, with the average of 155), in contrast to the average highest 


rate of 109 among those who survived. Two patients had an auricular 
fibrillation; one an “alternation" of the QRS group. 

In a comparison (Table II) of the fatal eases wit.li those that sur- 
vived, we at once see that a tachycardia occurred without exception in 
the former group and that the average of tlu* highest rates was 159. 
Of those patients that lived tachycardia was present in 61 per cent. 
The changes so commonly observed during convalescence were absent 
oi minimal in flic fatal eases, i.c., the bradycardia, sinus arrhythmia, 
ai «c T-waves and increased P-R intervals. The fatal cases showed 
"avc inversions in 44 per cent ; the living patients in only 14 per cent, 
onsitlering inverted and iso-electric (flat) T-waves together one finds a 
lequoney of 21 per cent among those who survived as against a figure 
0 06 per cent among Ihose who died. 

The bronchopneumonia group (Table I) was distinguished by the 
PC! cent ago of R-T changes, i.c., only 14 per cent, whereas in the 
ouH ^ ,UlUnon ' a cascs the percentage was 93. To us tins is the most 
cai'd ailC ^ n ” ^Terence, blit its exact significance is not clear. Taehy- 
^ndycardia, sinus arrhythmia and the development, of large 
^r e * US a PP° ai ‘ed to be less common in the cases of bronchopneumonia, 
small ^ ^ llalc ^ ec ^ r as the number of bronchopneumonia cases is 
times ^' e ^ a ^ en * s w fi° survived revealed tachycardia only three 
sliruu i UC * ^ le rate was never above 115 per minute. The fatal ease 
karate of only 130 per minute. ' 
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DISCUSSION 

The occurrence of increased aurieulo-ventricular conduction time late 
in pneumonia, independent of a bradycardia, deserves consideration. 
Clinicians usually interpret an increased P-R interval as indicating 
disease of the aurieulo-ventricular conduction tissues. The increased 
P-R interval is very often seen in rheumatic fever, and occasionally in 
severe toxic disease. Its occurrence late in pneumonia, when the pa- 
tient is up and about, calls for an explanation. It may be that the 
physical activity is too much of a demand upon the weakened heart, 
and results in an increased conduction time. Perhaps these patients 
were permitted out of bed too early. The electrocardiogram therefore 
may prove an import-ant guide as to the time to discharge a pneumonia 
patient from the hospital, or when to consider him cured. Osier 13 
pointed out that sudden death might occur when convalescence was 
well established. Tie said, “Collapse coming on a day or two after 
the crisis is much more grave, being usually an indication that the 
myocardium has sustained severe damage,” and “Death may occur 
suddenly when convalescence is apparently well established.” 

The clinical implication of an abnormal R-T interval in pneumonia 
is not understood. In a patient with very marked changes of this 
sort who died an acute pericarditis and an acute myocarditis were 
present. On the other hand, there were at least nineteen patients with 
as marked R-T changes, as well as a large number with less marked 
R-T abnormalities, who recovered. The persistence of the R-T ab- 
normalities throughout convalescence and even for weeks afterward 
may be of clinical significance. In eight patients in whom changes 
have persisted for weeks, there was a delayed recovery in the pa- 
tient 's strength, and dyspnea occurs on slight exertion. Complaints of 
palpitation, fatiguability, and even precordial pain, occurred long after 
convalescence. In two patients a second increase in the P-R interval 
occurred long after the aurieulo-ventricular conduction time had re- 
turned to normal. In three patients a fiat T-wave in Leads I or II 
became evident weeks after discharge from the hospital. 

The significance of the electrocardiographic changes as a whole is an 
important one. We offer five possible explanations. The changes re- 
corded on the graphic tracing may be a vagus nerve effect. The oc- 
currence of a bradycardia, sinus arrhythmia, and an increased P-R 
interval during convalescence woul d lend plausibility to this theory. 
Atropine had some effect on the bradycardia, and aurieulo-ventricular 
conduction time, but none on the R-T or T-wave changes. Even had 
the effect of this drug been more marked it still would not have proved 
much, for the vagus probably exerts its influence during pneumonia and 
during the convalescent period, just as it does in ordinary life. 

It is well known that changes in position of the heart will produce 
changes in the electrocardiogram.” There is no definite proof that a 
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change in position or rotation of the heart, occurs in pneumonia, al- 
though if Coryllos 15 be correct t his condition occurs. His contention 
is that an atelectasis is present in the disease and that, this draws the 
heart toward the affected side. In children there is good evidence 
that movement of the heart, occurs in pneumonia. 1 ''’ However, before 
this question is settled, frequent roentgen films of the chest must, be 
taken on pneumonia patients. 

A third explanation comes to mind when one recalls the marked fre- 
quency of the R-T changes in the patients with lobar pneumonia, and 
the low incidence in bronchopneumonia. It may he that electrical con- 
duction through massively involved lung is altered, whereas in the patchy 
involvement of bronchopneumonia, this does not occur. The altered 
electrical conduction in the lung may possibly produce the R-T changes. 

Experiments have been performed in which Ihc anoxemia, rather 
than an organic involvement of the heart and blood vessels, is said to 
play the important role in the disease. Animals with experimentally 
produced pneumonia often die of respiratory failure, the heart heating 
rhythmically for some time after. 17 Kounlz and Gruber 18 produced 
anoxemia in animals and obtained high plateau R-T abnormalities. 
With a view of throwing some light on the question of anoxemia, an 
oxygen tent with 40 to 50 per cent oxygen saturation was used on six 
of our patients. Not the slightest alteration in the records was dis- 
covered. Additional evidence that the cause of the electrocardiographic 
changes is not an anoxemia is found in the facl that Ihe RS-T changes 
persisted throughout convalescence and even after the patient’s dis- 
charge from the hospital. 


It. is our impression that the electrocardiographic changes arc caused 
lp the toxic products of pneumonia on the heart muscle. This would 
apply to the T-wavc changes, the R-T deviations, the impaired aurieulo- 
^entricular conduction, bradycardia and sinus arrhythmia, hut partic- 
ulaih to the first three of these. We feel that vagus nerve effect, dis- 
placement or rotation of the heart, altered conduction of the heart’s 
cectiic current through inflamed lung, and anoxemia, arc of minor im- 
poitance and that, an actual involvement of the heart muscle occurs. 

ost-moitem examination of eight of our nine fatal eases have all 
sl o\\n some degree of parenchymatous degeneration of the heart, mus- 
' ! . G ’ m 0110 these cases there was very marked involvement. In the 

oloo -1 ?' Se ^ 1Cle was 110 involvement. Moreover there may he physi- 
° 4 >ca 6r chemical changes in the heart, muscle which are not revealed 
by niol 'Phologieal study. 


SUMMARY 


pile 31 ^ ^ ectrocai ’di°grams were taken on forty-five patients with lobar 
aU< ^ 011 SeVen patients noth bronchopneumonia. The T-wave 
changes were very similar to those described in acute coronary 
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artery closure, and the P-R, R-T, and T-wave abnormalities similar to 
those observed in rheumatic fever. The electrocardiogram in these 
three diseases is therefore not specific. 

In eighteen patients (35 per cent) there was a. definite increase in 
the aurieulo-ventricular conduction time, ranging from 0.20 seconds to 
0.24 seconds. The impaired aurieulo-ventricular conduction occurred 
when the temperature was normal and the patient was beginning to 
convalesce. Atropine sulphate affected the P-R interval only to a 
slight degree. 

There were ten patients with inverted T-waves in Leads I or II 
and sixteen eases in all with either inverted or flat T-waves. These 
patients had a poor prognosis. The T-wave inversions occurred early 
in pneumonia when the prostration was marked. They showed a 
“cove-plane 5 ’ or “coronary T-wave” contour, but were, however, al- 
ways shallow and always transitory. No coronary artery, involvement 
was found in the post-mortem examinations. 

R-T abnormalities occurred in 93 per cent of the patients with lobar 
pneumonia. They first appeared with a fall of temperature to normal 
levels. The R-T deviations were similar to those observed in acute 
coronary artery closure but they never progressed to an inverted T-wave. 

In only one case of bronchopneumonia were tliere R-T changes, in 
marked contrast to the frequency of such changes in the lobar pneu- 
monia cases. 

A tachycardia was present in thirty-five patients. The more marked 
the tachycardia, the worse the prognosis. 

A simple bradycardia was found in twenty-four patients. The rate 
in these cases was often about 40 per minute, once it was as slow as 36 
per minute. Atropine at times released the bradycardia. 

Large T-waves were present twenty-one times, associated usually 
with the occurrence of a bradycardia. 

A sinus arrhythmia was discovered in twenty -two individuals, and 
occurred in convalescence. It was sometimes present with the brady- 
cardia, but often appeared later. Atropine had no effect on the sinus 
arrhythmia. 

Premature beats occurred three times. 

Auricular fibrillation was observed in two fatal cases. 

“Alternation” of the QRS group occurred in two patients, one of 
whom died. 

Auricular flutter was observed once. This patient survived. 

Transient P-wave inversions in Lead III were recorded three times, 
transient T-wave inversions in Lead III alone, eleven times; a change 
in left axis deviation, three times,- changes in the QRS group, four 
times. 

The fatal cases showed marked tachycardia, a large number of T-wave 
inversions (44 per cent), and an absence of aurieulo-ventricular con- 
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duct ion impairment, of bradycardia, of sinus arrhythmia, and of large 
T -waves. 

It is ku guested that T-ivave. R-T, and P-R almonnaiitics are due to 
vareinu degrees of myocardial involvement and hence the elect rocardio- 
irrani may perhaps smv as a guide as to when to permit a patient out 
of hod and when to consider him cured. 
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CYST OF THE PERICARDIUM* 

Wallace M. Yater, M.D. 

Washington, D. C. 

S IMPLE cysts of the pericardium are practically unheard of. At 
least, I have been unable to find any reference in the literature to 
that lesion after a rather extensive search. Rarely one finds multiple 
cysts of the epicardium in association with chronic adhesive pericarditis 
or organized fibrinous pericarditis. Such a ease was reported by Lauche . 1 
Large cysts are found occasionally in primary sarcoma of the peri- 
cardium, as in the ease of Perlstein . 3 Cysticerci and echinococcus, cysts 



Fig. 1. — Roentgenogram of chest showing rounded lesion in region of apex of heart, 
which proved to be a simple multilocular cyst of the pericardium. 


in the pericardial sac have been noted (Monckeberg 2 ). The following 
ease is reported because of the rarity of the condition and because of 
the diagnostic difficulties. 


case report 

The patient, a white man aged 52 years, began to iiave occasional attacks of 
mild epigastric pain in January, 192S. On April 10, 3928, while playing golf i ,c 
experienced an acute attack of epigastric pain, followed by generalized abdominal 
soreness which finally localized in the epigastrium and right hypochondrium. The 
pain was constant with exacerbations, during which it radiated to the mediastinum, 
left shoulder and left side of neck. Physical examination on April 2S was negative 

‘From the Georgetown University School of Medicine and the Army Medical 
Museum. 
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except for the abdomen, which was distended and tender in the epigastrium and 
right hypochondrium. The heart was reported normal. Laboratory studies were 
negative except for the x-ray examination of the stomach and chest. There was an 
extensive filling defect of the stomach, most marked on the greater curvature, with 
retention of half of the barium meal after six hours and of one-fourtli after 24 
hours. Above the dome of the diaphragm and “partly overlapped by the shadow 
of the heart” there was a round shadow about 5 cm. in diameter (Fig. 1). The 
diagnosis was inoperable carcinoma of the stomach with metastasis in the left 
lung. The patient became progressively weaker, developed jaundice and died on 
May 28, 1928. 

Necropsy had to be performed through an abdominal incision. There was a 
large ulcerating carcinoma on the greater curvature of the stomach about 3 cm. 
from the pylorus and several cm. in diameter, a typical adenocarcinoma micro- 
scopically. The liver weighed 3000 grams and was invaded by numerous large 
and small metastatic nodules. The lungs were normal. The heart was normal, but 



Dart; nil Cyst of the pericardium, reconstructed after dissection. The cyst is 

bin the i lmbe< Me<I in the pericardial fat, so that its exact outline is not apparent, 
e large white area indicated by the lines is the cyst. 

projecting externally from the parietal pericardium at the apex and just above the 
uiphragni was a thin-walled, multilocular, ovoid cyst, 4.5 cm. long and 2.5 cm. 
lick, filled with clear, slightly yellowish, watery fluid (Fig. 2). The lining of the 
.'s "as perfectly smooth, very thin, fibrous, and partially imbedded in the peri- 
U * a It "'as intimately associated with the parietal pericardium and un- 

" * f ^ originated in it. There was no evidence of tumor in this region and no 
esue peiicarditis. The cyst was probably derived from a lymphatic vessel of 
the l’ a rietal pericardium. 

COMMENT 

r J° m ^ ie standpoint of roentgenographic diagnosis of the cyst one 
lesio C ^ UU C ^ Gc ^ c di‘st, whether the shadow east by it was that of a 
n 111 ^ le ding or one associated with the heart. In this case it was 
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assumed to be in the lung because it fitted in well as a metastatic lesion 
from a carcinoma of the stomach. Under other circumstances a fluoro- 
scopic study would have revealed the fact that the rounded shadow 
at the apex of the heart was attached to the heart. Then the diagnosis 
should have included the following possibilities: aneurysm of the heart, 
tumor of the heart or pericardium, loculated pericardial effusion, 
hydatid or other cyst. In this ease aneurysm could probably have been 
ruled out because of the absence of evidence of cardiac disease which 
would antedate the formation of an aneurysm, and because there was 
no expansile pulsation, although the latter would not necessarily have 
been present. Tumor of the heart would have been more difficult to 
eliminate. In the absence, however, of disseminated metastases and be- 
cause there was apparently only a single large lesion, secondary tumor 
of the heart could have been eliminated. Metastatic carcinoma of the 
heart occurs only as part of a more or less generalized carcinomatosis 
and is usually of the small sliotty type of lesion. Elimination of this 
possibility would have been important had the patient’s gastric lesion 
been discovered during the operable stage, since the interpretation of 
the lesion as a metastatic one might have discouraged surgical interven- 
tion. 
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Nuzum, Franklin R,, and Elliot, Albert H.: An Analysis of 500 Instances of 
Arterial Hypertension. Am. .7. 1W. Sc. 181: 030, .1031. 


Five hundred instances of arterial hypertension, the patients being forty-five 
years of' age or older and having a systolic blood pressure about 150 mm. of 
mercury are analyzed. Seventy patients with chronic nephritis selected from the 
above are studied separately. Two hundred and fifty patients in the same age 
group with an average systolic pressure of 120 mm. of mercury and having only 
minor noninfectious ailments serve ns controls. 

Past infections occurred slightly more often in t he hypertensive or nephritis 
groups than in the controls. Acute nephritis and scarlet fever occurred more fre- 
quently in the nephritis group than in the 430 remaining hypertensives or in the 
controls. The incidence of syphilis and typhoid fever was lower than usually re- 
ported in hypertension. The number of past infections per patient was nearly 
identical in each group. All focal infections found in the physical, rocntgenograpliic 
or laboratory examinations were tabulated for each patient. Head foci were almost 
erenly distributed among the groups. Focal infection was not the deciding factor 
m the development of hypertension in these groups. 

Obesity as encountered twice as often in the hypertensive patients as in the 
on ro s. Die average weight for hypertensive group was 10.3 pounds greater than 
j, . !° control ^'°up. Obesity is a contributory factor in the pathogenesis of 
reno t 2? mnilinl tendency was less important in these series than in other 

, q S uG * es ' A positive history of familial vascular disease was obtained in 
about 30 per cent in both groups. 

cent of '"if G ° r . °Pi ! f bnbnoscopic evidence of arteriosclerosis was found in 17.6 per 

144 per c T m ^ pcitcns * vc group, in 24.2 per cent of the nephritic group and in 

1ms littlo ^' C contro1 g r<nl r- Arteriosclerosis of the larger vessels probably 

little relation to hypertension. 

T "I 10 ." T " ■ K,ll P ture °f a Coronary Artery, Hemopericardinm. Now Eng. 
wed. 204: 7G0, 1031. 


ing rupture f T-T* 1 “ Cals i s presented with pericardial hemorrhage follow- 

interval of fift iC e ” cllln ^ cx branch of the left coronary artery. There was an 
deatb. ° n * 10U1S between the admission symptom of precordial pain and 

A review- consi ^ erc ^ the causative factor, 

artery. q>j (e ^^ erature roveals thirty other eases of rupture of a coronary 

"’ er e atheroniatoi ° S ^i ° f . tllC , rupture Avas , uot clear in ten cases; in fourteen there 
an infectious emb v 1 ™ 208 in tlie ve ssels, ten without aneurysm; in five there was 
Present with a i 10ur ° 1Sm .’ ^ om w ^ om i* a( i aneurysm ; and luetic changes were 
"°t stated, flic ' Sm * n ^ W °‘ ^^ crc wcrc nineteen males, eleven females and one 
infectious jp g „ ^ ^’° a t |lCr °matous patient was sixty -five; of the 

times ! in the riaht ° ,1. lu<?tic 4G ' Eu P ture occurred in the left artery eleven 
e ig i times; in both three times and not stated in nine. 
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Bramwell, Crighton, and Ellis, Reginald: Some Observations on the Circulatory 

Mechanism in Marathon Runners. Quart. J. Med. 24: 329, 1931. 

The observations on which this paper is based were made at the last Olympic 
Games at Amsterdam where the authors examined altogether more than 200 athletes 
including runners, weight lifters, swimmers, wrestlers and competitors in various 
other events. The article deals with the findings made by the authors on the cases 
studied as well as with a discussion of the various principles involved in exercise 
and the response of the heart to strain and training. It represents a brief well 
presented discussion of this very important subject and should be of interest to 
all. They noted that the individuals in the marathon races were inclined to be 
older, smaller and with a slower pulse rate and a slightly higher blood pressure. 
They believe that the marathon runner requires a greater stamina which may be 
found more frequently in older men rather than in younger athletes. They believe 
that the younger athlete is more inclined to run himself out and to use no caution 
in conserving his strength. The sprinter is of much less interest than the marathon 
runner to the cardiologist. His chance of success depends more on perfect neuro- 
muscular coordination. He can run 100 meters without taking a single breath and 
can trust to the buffering mechanism in his blood and muscles to deal for the moment 
with all the lactic acid produced. So far as the immediate requirements of his 
muscles are concerned he might almost dispense with his heart. 

For the longer distances on the other hand, the efficiency of the circulatory 
mechanism is all important; the long distance runner being dependent on the 
amount of oxygen he can obtain during the race. 

The authors discuss all the oxygen requirements and glycogen balance found 
in athletes of this type. They point out the danger of glycogen death to be found 
in this group. Two men were on the verge of hypoglycemic convulsions. The use 
of sugar in the day previous to the race and possibly during the race is based on 
the utilization of glycogen. 

It was found the heart was generally enlarged in marathon runners. The 
percentage of very large hearts being surprisingly high. They discuss the explana- 
tion of the difference that has been found by other workers in this same group. 
They believe that the recorded instances of small hearts found immediately after 
the race is due to the position of the diaphragm and to the change in position 
of the heart rather than to a change in actual size. 

Cowan, John: Observations on Angina Pectoris. Brit. M. ,T. 1: S79, 1931. 

The author describes various features of angina pectoris from observations on 
cases under his care. He notes the great variation in the severity of the pain in 
different patients and describes the site of pain as being generally behind the center 
of the sternum. The pain often is a feeling of impending dissolution. He notes 
that angina occurs more commonly in men than in women and. most frequently m 
the fifth and sixth decade; the youngest paitent was twenty-three years old. He 
finds no special relationship between angina and the infections. Rheumatic fever 
was the most common antecedent in this series but its incidence was small. The 
association with syphilis is closer. Seventeen patients in the group studied had 
suffered from syphilis. He believes that muscular anoxemia accounts for the actual 
attack. 

In this series a post-mortem examination was obtained in thirteen cases; of these 
twelve presented infarcts or fibrosis of the muscles, the coronary arteries being 
extensively diseased. In two cases there was rupture of the heart. "Vasomotor 
disturbances not infrequently accompanied the attacks. The association between 
angina and the excessive use of tobacco is well established. 
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Treatment- depends on the etiology in tlie particular case. In eases due to 
coronary disease every endeavor should he made to prevent undue strain on the 
heart until satisfactory anastomoses have had time to form and to supply the 
myocardium with sufficient blood. The treatment of a paroxysm is necessary but of 
less importance than its prevention. Angina is a danger signal, a sign of some 
harmful activity, and if we make the patient insensitive to his discomforts he 
will soon kill himself. For this reason surgical treatment while satisfactory to 
relieve pain should not he resorted to except in extreme cases. 

McEackem, Donald, and Kalce, Geoffrey: A Study of the Morbid Anatomy of 
Hearts from Patients Dying with Hyperthyroidism. Bull. Johns Hop. Hosp. 
48: 273, 1931. 

This study has been made on all the cases of hyperthyroidism coining to autopsy 
in the Johns Hopkins Hospital since its opening in 1,889. Thirty-seven cases were 
found in which there was conclusive evidence that hyperthyroidism existed. Ten 
cases were discarded because tissues or sections were not available. Twenty- five 
control cases were selected according to age for each of the six decades in which 
the cases of hyperthyroidism were scattered. These 1 JO cases were chosen consecu- 
tively from the autopsy records. Fourteen hearts of the total scries showed no 
changes of the kind or degree not to he found in t lie control groups of similar 
age or which are not well recognized as occurring in general autopsy material in 
the absence of specific heart disease. In eight instances moderate perivascular or 
intermuscular fibrosis or small round cell infiltration was found. Similar changes 
were also encountered among the control cases though less frequently. 

Conspicuous alterations were found in five instances; in three of which there 
was coexistent heart disease. Cardiac hypertrophy was noted in 1C of the 27 
cases. No relationship could be established between the coincidence of auricular 
fibrillation or the duration of hyperthyroidism and the ultimate findings in the 
heart. Congestive heart failure occurred in five of the six cases that presented 
coexisting organic heart disease. 

fhc authors believe that from this evidence it is impossible to ascribe the cardiac 
phenomena to structural changes in the muscle. It is pointed out that the heart 
from liy perthyroid animals continued to beat when isolated at a much faster rate 
mil similar preparations from normal animals. Emphasis is placed on the dc- 
t *«.*3 studying the problem from the viewpoint of metabolic and functional 
a erafions i n the myocardium. 

Carter, Edward P., and Baker, Benjamin M., Jr.: Certain Aspects of Syphilitic 
Cardiac Disease. Bull. Johns Hopkins Hosp. 48: :!15, 1031. 

a authors have undertaken a study of the cases of syphilitic aortic disease, 
! is, aoi tic insufficiency either alone or combined with aneurysm and of aneurysm 
war ^ s ^ l0 *T°l'ns Hopkins Hospital since 1910 at which 
amdy -IG ^ aSS011na, m c, ‘ unc into accepted use. They have completed a detailed 
findii S1S cases - Tins lias been supplemented by the pathological 

°a this 111 ,** 10S0 cascs came to autopsy. Their determinations are based chiefly 
fin-, S S ^' cs t°K c ther with certain additional clinical material including statistical 
increased ■ lema inmg cases of the entire scries of SG7. They have found the 
frequciV . lne '^ eneC syphilis in colored patients, being about three times more 
Imvin in C0 ? 0rc ^ nialcs than in white males. They believe that every individual 
Constitute ^ n ^ cc ^' ,,n i s a potential subject of cardiovascular disease. Wliat 
Wit], y le ° S , ^ G l 11 ^disposing factor which determines the peculiar arterial inversion 

is nnf C ‘i U involvement of tlie aortic ring or the development of an aneurysm 

not clearly understood. 1 



716 


THE AMERICAN HEART JOURNAL 


The question as to why the coronary artery escapes a similar fate has not been 
satisfactorily answered. 

The Wassermann reaction was positive in an extremely high percentage of cases. 
Latent period from the day of the primary lesion to the first appearance of sub- 
jective symptoms was fifteen years and five months; two extremes being three years 
and thirty-nine years. Various symptoms are discussed. It was noted that auricular 
fibrillation was entirely absent in this series of 100 cases. Treatment of these 
patients is discussed and an extensive bibliography is included in the article. 

Etaab, W.: Central Vasomotor Irritability. Contribution to the Problem of Es- 
sential Hypertension. Arch. Int. Med. 47: 727, 1931. 

In decerebrate cats with the vagi cut, the following experimental results were 
obtained : 

1. There was a strong increase of the arterial blood pressure for a period up 
to two hours by the continuous perfusion of the brain stem with blood containing 
abnormally high amounts of lactic acid. 

2. Hyperirritability of the vasomotor centers resulted under the influence of a 
shortage of oxygen or perfusion with lactic acid, or with the injection of lactic 
acid into the suboecipital cavity. The inhalation of carbon dioxide causes a con- 
siderably greater rise and the hyperventilation a greater fall in blood pressure under 
these conditions than occur under normal conditions. 

3. Sensitive stimuli cause higher rises of blood pressure during the conditions 
mentioned than they do normally. 

4. The effect of epinephrine is considerably weakened and inverted during the 
lack of oxygen; it is scarcely altered during perfusion with lactic acid. 

5. Acetic acid increases the irritability of the vasomotor center in the same way 
as lactic acid; alkali gives irregular effects. 

6. These experimental results correspond to the following characteristic features 
of essential hypertension: (1) High blood pressure; (2) hypersensitivity to the 
inhalation of carbon dioxide (abnormal increase of blood pressure) and to hyper- 
ventilation (abnormal fall of blood pressure); (3) hypersensitivity to peripheral 
sensitive stimuli; and (4) weakened or inverted effect of epinephrine. 

7. The conclusion was reached that the symptoms of essential hypertension can 
be considered due to the local need of oxygen and the accumulation of lactic acid 
within the vasomotor centers of the brain stem as a consequence of local circulatory 
disturbances. The actual level of the blood pressure in hypertension would accord- 
ingly be composed of the sum of the stimulus through lactic acid plus the patho- 
logically increased responses to the stimulus of the normal carbon dioxide tension 
of the blood and of different kinds of sensitive .and emotional stimuli. 

Ayman, David, and Pratt, Joseph H.: Nature of the Symptoms Associated with 

Essential Hypertension. Arch. Int. Med. 47: 675, 1931. 

The possibility of a psychic origin for the early symptoms associated uitli 
essential hypertension was suggested by the clinical experiments of one of the 
authors. This idea was further encouraged by an earlier study in which S2 per cent 
of 40 hypertensive patients were definitely relieved of their symptoms by suggestion. 
Added support for this opinion was afforded by the widespread belief that as in 
psychoneuroses, the greater relief from the symptoms of which hypertensive 
patients complain may be obtained by the removal of worries, fears and other 
disturbances in the psychic sphere. The cause of this similarity, the problem of 
the relation of the symptoms presented by hypertensive patients to those observed 
in the psychoneuroses, seemed worthy of study. 
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This study 1ms consisted of noting the symptoms associated with essential hyper- 
tension and those of the psychoneuroses. It was found that the early symptoms 
could not he differentiated between the two conditions either by their incidence or 
bv their general and individual characteristics; that in both groups of patients 
no abnormality on physical or laboratory examination could be found adequate 
to explain the symptoms and finally that in both groups of patients a significant 
degree of maladjustment of emotional difficulties was found to explain the de- 
velopment of symptoms at the time they appeared. Additional evidence that the 
early symptoms associated with essential hypertension are due not to organic 
changes but to the emotional maladaptation of the patient can be noted in the 
results of treatment. While it seems reasonable to conclude that the early symptoms 
associated with essential hypertension are probably of psychic origin, the funda- 
mental mechanism is not clear. Constitutional influences, endocrine products and 
possibly other factors may contribute to lessen the hypertensive patients psychic 
and physical capacity for withstanding the stress and strain of life. 


Wishnofsky, Max, and Byron, Charles S.: Carbohydrate Metabolism in Hyper- 
tension. Arch. Int. Med. 47: 790, 1931. 

A dextrose tolerance test was performed on 10 patients suffering from hyperten- 
sion. The blood sugar and the respiratory quotient curves were studied simul- 
taneously, In six of the ten cases the blood sugar during fasting was higher than 
normal. It was shown that all patients with hypertension have high blood sugar 
curves. The respiratory quotient curves were normal in nine of the ten cases. 
This is adequate proof that there is no diminution in the secretion of insulin in 
hypertension and that these patients are neither potentially nor mildly diabetic. 
It disproves the theory that the disturbance in carbohydrate metabolism in hyper- 
tension is caused by sclerosis of the blood vessels of the pancreas. In the case 
in which the respiratory quotient curve was lower than normal diabetes mellitus 
independent of the hypertension could be considered to exist. 

The theory that hyperadrenalemia is the cause of the disturbance cannot be 
proved in the present state of knowledge. 

The mechanism concerned in producing this disturbance in carbohydrate 
metabolism is unknown and awaits further research for its elucidation. 


Boswell, Clarence H., and Palmer, Harold D.: Progressive Thrombosis of the 
Pulmonary Artery. Arch. Int. Med. 47: 799, 1931. 

The authors report a case of a man aged thirty-nine years who had definite 
s} nip to ins for some time prior to death which suddenly became aggravated and 
minuted fatally in a relatively short time. Post-mortem examination revealed 
iromboarteritis of the pulmonary artery with complete occlusion. The ante- 
to°rtem diagnosis had been myocardial injury. The thrombus at post-mortem seemed 
thr ° i°^ Some a S e j being well organized and in places canalized; though old, the 
bv°th US ^ Geanle com P^ G f e only during the last few hours as is shown positively 
less ^ )or ^ ons ^ le thrombus. The thrombus on the left side was much 

er idenc ^ P 10 ^ a ^ T the result of right-sided retrogression. There was no 

of ti, i °* c ' 1Ion * c congestion showing that the heart was competent up to the time 
tl!e last sudden occlusion. 

The 

nrtery a ^'° rS su SS GS t this to be a case of thromboarteritis in the pulmonary 
ros phatorv ' n °^ , em k°^ e ' r P* ie sequence of events may have been: (1) acute 
and hronch'f^ eC ^ 011 oec ' urian S five weeks before death resulting in (2) lymphadenitis 
The hitri, 1 1S ’ ^oction extended into the pulmonary artery as (3) an arteritis, 
gh coagulability of the 


venous blood in the pub bnary artery accompanying 



718 


T1IE AMERICAN HEART JOURNAL 


the sepsis, together with a low blood pressure slowing the stream over a damaged 
artery lining, produced (4) a thrombus which was not extensive enough to cause 
death at that time. Later, after a good night’s rest with slowing of the blood 
stream during sleep (f>) another thrombus formed and the symptoms appeared 
with the activity on awakening. (6) Death did not occur until the new portion 
had retrogressed far enough to occlude the larger pulmonary branches. 

Had this patient lived longer the complete syndrome on which the diagnosis of 
Ayerza’s disease could be made might have developed; hypertrophy of the right 
side of the heart from the extra work thrown on it; polycythemia from the de- 
mand for more oxygen carriers; sclerosis of the pulmonary artery; chronic cough; 
cyanosis and later serious cardiac failure. 

Sutton, Lucy Porter, ancl Wyckoff, John: Digitalis. Its Value in the Treatment 

of Children with Rheumatic Heart Disease. Am. J. Dis. Child. 41: 801, 1931. 

Twenty-five cases of digitalization in twenty-two patients with heart failure as- 
sociated with active rheumatic heart disease under controlled conditions, digitalis 
of known biologic activity being used, are reported. In twenty-four digitalizations 
of twenty-one children, the average calculated dose necessary to produce the effect 
of digitalis was 0.15 cat units per pound of body weight. All of these patients 
showed some improvement in the signs of heart failure when fully digitalized.' It 
was possible to produce the effeet of digitalis without producing toxic symptoms 
in the majority of cases. 

The authors conclude that digitalis is of value in the treatment of children with 
heart failure. It is effective in doses comparable to those required by adults with- 
out necessarily producing intoxication. It is effective in the presence of active 
infection of the heart. 

Blackford, L. Minor, and Hoppe, Lewis D.: Functionally Two-Chambered Heart. 

Am. J. Dis. Child. 41: 1111, 1931. 

A case of an infant aged six and one-lmlf months is reported with clinical, 
laboratory and post-mortem observations. The right atrium opened through the 
foramen primum into the left atrium which in turn opened through the mitral 
valve into a single ventricle. The tricuspid valve was_ absent. A small right 
ventricle in the mass of ventricular muscle between the stenosed opening in the 
interior wall of the large ventricle and a second stenosis at the beginning of the 
bulbus cordis was revealed on detailed dissection. The aortic valve was normal 
though the pulmonic valve was bicuspid. Extreme stenosis of the ventriculobulhar 
junction prevented the passage of an adequate amount of blood to the lungs. 
A theory is advanced to explain the changes in circulation that occurred in tins 
patient. 

Blumgart, Herman L., Lawrence, John S., and Ernstene, A. Carlton: The Dy- 
namics of the Circulation in Coarctation (Stenosis of the Isthmus) of the 

Aorta of the Adult Type. Arch. Int. Med. 47: SOG, 1931. 

Coarctation of the aoVta presents an opportunity to compare in the same pci son 
the dynamics of the circulation in arterial hypertension above the point of con- 
striction with the dynamics of blood flow under lower pressure below the level o t 
the stenosis. The results of an extensive study of two patients with coarctation of 
the aorta are presented. 

The diagnosis of eoarctadon of the aorta was corroborated at necropsy in both 
patients. 
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Tlie diagnosis was established in both patients by (1) arterial hypertension in 
the arms as contrasted with the relatively low blood pressure in the legs; (2) 
evidence of extensive collateral arterial circulation observed on physical examination 
and also made apparent by the erosions of the ribs seen in the roentgenograms of 
the chest; and (3) diminution and retardation of the arterial pulses in the legs. 

Although arterial hypertension presumably had been present above the level of 
the coarctation in both patients for over forty years, physical examination and 
roentgenographic studies failed to disclose any perceptible difference in the degree 
of arterioslerosis in the upper and lower parts of the body. 

The arteriolar blood pressure in the arms was normal. This suggests that while 
increased peripheral resistance may, as in essential hypertension, be responsible for 
the arterial hypertension above the coarctation, this increased resistance is due 
not to increased arteriolar resistance but rather to the resistance offered by the con- 

ft 

stricted aorta and the collateral pathways. 

The velocity of blood flow in the larger arteries of the leg was reduced and 
the arterial-arteriolar difference in blood pressure was greatly diminished. Ac- 
cording to the measurements of oxygen in the blood, the blood supply to the tissues 
under resting conditions was nevertheless within the limits of normal. 

The hypothesis that the small arterial-arteriolar difference in the local circulatory 
reserve is discussed. This condition is contrasted with that above the level of the 
coarctation where a marked difference in arterial-arteriolar pressure prevails. 

Considerations are brought forward that suggest that symptoms of local cir- 
culatory insufficiency in the legs such as intermittent claudication and nocturnal 
cramps may be the earliest indication of a failing heart in patients with eoarction 
of the aorta and should call for effective treatment, even before the appearance of 
dyspnea or any other evidence of circulatory stasis. 

Morton, John J., and Scott, W, J. Merle: Methods for Estimating the Degree 

of Sympathetic Vasoconstriction in Peripheral Vascular Diseases. New' Eng. 

J. Med. 204: 955, 1931. 

The authors have studied the surface temperature changes in suitable locations 
following the various types of anesthesia, both general anesthesia, spinal anes- 
thesia and local anesthesia produced by anesthetizing peripheral nerves. They- have 
studied both the methods of estimating surface temperature, the variations which 
may be found, and the errors which occur in these different types of anesthesia. 

They believe that the number of degrees by which a given case fails to attain 

16 ^°' ver limits of the normal vasodilatation level is of much more value in es- 
timating the proportion of spasm and occlusion than the number of degrees 
through which the surface temperature rises. This is a point of particular im- 
portance in the management and prognosis of many of the cases of common vas- 
cular disease in the extremity. 
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Verhandbungest der Deutschen Gesebbschaft fur Kreisbauffor- 
schung. Ill Tagung. Tlieodor Steinkopff, Dresden and Leipzig, 
1930. Pp. 150. 

The papers and discussions collected here were presented at a 
meeting held in Dresden on June 11 and 12, 1930. The presentations 
are concise and the illustrations carefully prepared. The volume is 
of special value to those who wish to keep in touch with recent work 
in other countries and it is interesting to note the subject matter of 
the papers. There are papers on venous pressure and on changes in 
the peripheral circulation in hypertension, micropliotographic studies 
of the capillaries, notes on respiration and chemical studies in rela- 
tion to the circulation and respiration. The opening addresses are 
by Dr. Biirker (Giessen) on the red cells and by Dr. Lindhart (Copen- 
hagen) on technical methods for the clinical study of problems of the 
circulation. 

E. E. 

Die Refbektorische Sebbststeuereng des Kreisbaefes. By Dr. Eber- 
hard Koch. Theodor Steinkopff, Dresden and Leipzig, 1931. Pp. 
234 with 44 illustrations. 

This is the first of a series of monographs entitled “Ergebnisse der 
Kreislauff orselmng ’ ’ edited by Bruno Kisch. It is devoted entirely 
to a consideration of the aortic (depressor) nerve (Coyn and Ludwig) 
and the sinus nerve (Tiering and De Castro), and their reeeptoi’s in 
the arch of the aorta and in the carotid sinus respectively. Because 
changes in heart rate and in peripheral vessel muscle tone are reflexly 
caused by changes of arterial pressure in the aorta and in the carotid 
sinus, Koch calls this mechanism “the pressor receptor mechanism of 
the circulation.” Through this system the relative stability of blood 
pressure and heart rate is maintained. Neither the physical, chemical 
or hormonal changes in the blood, which undoubtedly play a part in 
the regulation of the circulation, nor the peripheral vasomotor mech- 
anism are discussed. 

In Part I the embryology, anatomy and comparative anatomy of 
this pressor receptor system are given and the literature is discussed. 
Of particular interest in this part is the description of the recent 
anatomical studies by De Castro on the sinus nerve and its receptors 
in the carotid sinus. 


720 
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In Part II is found a complete resume of the literature ancl a discus- 
sion of the normal and pathological physiology and the pharmacology 
of both the aortic depressor and the carotid sinus systems. It is 
based particularly upon studies of Tiering, Do Castro, and Ileymans 
and some corroborative studies by t he author. The importance of 
this section can be judged by the statement that, a permanent de- 
nervation of the carotid sinus and t he aorta will cause in experimental 
animals a permanent hypertension and that it is probably common in 
human beings to have an hypertension on such a basis. The effect of 
stimulation of the aortic and carotid sinus nerve on respiration, intes- 
tinal peristalsis, tonus of skeletal muscles and upon the function of 
organs of internal secretion is briefly discussed. 

In Part III the author describes a method of changing and measur- 
ing the endo-arterial pressure in the carotid sinus. By this method 
helms been able to study quantitatively the reflex blood pressure and 
heart rate changes. The results of these experiments are fully dis- 
cussed. 

This monograph is a very well written and well illustrated work in 
which a newer and epoch-making concept of the physiology of the 
circulation is described. It is a treatise that should be read and 
studied not. only by physiologists and anatomists, but since this newer 
physiology may change our present concept of diseases like hyper- 
tension, etc., it should be read and thoroughly digested by every 
practitioner in internal medicine. 

C. S. 


Clinical EuxTiiocAimioonAi’iiv. By .Sir Thomas Lewis. Ed. 5, Lon- 
don, Shaw and Sons, 1931. 

fhe fifth edition brings this authoritative guide to the study of elec- 
trocardiography up to date without, changing the character of the 
volume. It remains a small handbook of clinical electrocardiography, 
die result, of years of experience compressed within 120 pages, and it 
needs no introduction to those who are familiar with the earlier edi- 
tions or with the other writings of Sir Thomas Lewis. 

E. R. 


Ocausiox ConoNAuiA, Bkusca y Lenta. By T. Padilla and P. Cossio. 
El Ateneo, Buenos Aires, .1930. 


** a ri^dy illustrated volume of some 225 pages the Argentinian 
a n iois offer a clear and logical presentation of the subject of coro- 
occlusion. The first half of the hook is devoted to a considera- 
siid °f anatomy ;m< f physiology of the heart and its circulation 
eas ° Ecological and etiological factors in coronary artery dis- 
Se - In the- second half the clinical aspects of coronary closure, both 
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sudden and gradual, are presented in a form which is simple and con- 
cise and ret is reasonably comprehensive. The numerous illustrations 
are clear and easily understood and contribute much to the value of 
the text. The bibliography is adequate and well chosen but is open 
to the criticism that frequently the same reference appears two or 
three times. 


L. A. G. 
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OCCURRENCE AND SIGNIFICANCE OF ELECTROCARDIO- 
GRAMS DISPLAYING LARGE QAVAVES IN LEAD III s 

Fredrick A. Wiluus, M.D. 

Rochester, Minnesota 

TN A RECENT publication. Pardee 2 called attention to electrocardio- 
grams exhibiting large Q-waves in Lend III. and found that 63 per 
cent oi the forty-three patients in his group had the anginal syndrome. 
The possibilities of this observation prompted me to carry out an in- 
vestigation in a larger series of cases. 

MATERIAL 

The electrocardiograms in the files at The Mayo Clinic were care- 
fully searched, and in approximately 70,000 records, 300 tracings were 
found which conformed to the criteria demanded by Pardee. The 
incidence of the electrocardiograms with large Q-waves in Lend III 
cannot be accurately established, owing to the fact that many tracings 
that pieviously had been considered to be essentially normal had been 
destio} ed. It is possible that among these were some with large 
Q-waves in Lead. III. 

Paulee made his selection on the following grounds: (I) Electro- 
cardiograms of left axis deviation, or normal axis deviation, were 
osen, those of right axis deviation were excluded, for in these Q.. 
9 . 0lma ^> (2) the excursion of the Q-wave in Lead 111 was more than 
-u Per cent of the greatest excursion of the QRS complex in any lead; 
U records with notching deformity of the QRS complex in Lead III, 
0 -°r 1,ed W an(1 M complexes, were excluded; and (4) in all rec- 
( 0 ) C 10Sen ^ iere was, in Lead TIT, an initial downward deflection 
,pj ' SllCCeeded b F a definite upward deflection (R) and no S-wave. 
Pardee 0 C1 WCle adhered to in the selection of my cases. 

ma .v b° 1 ' n cs ^P a tcd the incidence of these electrocardiograms as they 
Poi'ina] 0 ° l \ Ud examdia fr°n of persons whose hearts are apparently 
—p-l’ and found only two such records in 277 such cases, an inei- 

* om the Section on Cardiolosy. The Mayo Clinic. 
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deuce of only 0.7 per cent. In discussing the occasional occurrence 
of a large Q-wave in Lead III in electrocardiograms of apparently nor- 
mal hearts, lie suggested the possibility of unusual distribution of the 
branches of the auriculoventricular bundle, and that a high diaphragm 
may contribute to the appearance of this abnormally large Q-wave. 
In The Mayo Clinic series of 300 cases in which there were large 
Q-waves in Lead III only three patients (1 per cent) with apparently 
normal hearts were found. Wolferth, 3 in studying the electrocardio- 
grams of 700 normal subjects, did not find any instance of a large 
Q-wave in Lead III. Later in this paper the material studied by 
Pardee, and that studied by Wolferth will be employed as a composite, 
control group of 977 normal persons. 

CLINICAL CORRELATION 

The correlation of the electrocardiograms under consideration with 
the clinical diagnoses in my series differed somewhat from that of 
Pardee. The greatest incidence of the characteristic electrocardio- 
graphic changes occurred in eases of hypertensive heart disease ; that 
is, of the 300 characteristic electrocardiograms, 120 (40 per cent) were 
obtained in cases of this type (Table I). The anginal syndrome with- 
out hypertension occurred in 76 cases or 25.3 per cent of those which 
gave the characteristic electrocardiogram, and hypertensive heart dis- 
ease, associated with the anginal syndrome, in 39 cases (13 per cent). 
Arteriosclerotic heart disease, without the anginal syndrome and with- 
out hypertension, occurred in 33 cases (11 per cent). 

Table I 


Correlation of Large Q-Waves in Lead III With Clinical Conditions in 300 

Cases 


clinical diagnosis 

| CASES 

PER CENT 

Hypertensive heart disease 

spa® 

40.0 

Anginal svndrome 


25.3 

Hypertensive heart disease with anginal syndrome 


13.0 

Arteriosclerotic heart disease without anginal syndrome 


11.0 

Total 

2G8 

89.3 

Exophthalmic goiter 

8 

2.8 

Syphilitic aortitis with aortic insufficiency 

' • ‘ - 

2.3 

Rheumatic heart disease: 



mitral stenosis 


1.7 

aortic stenosis 


1.0 

Chronic pericarditis with adhesions 


0.3 

Congenital heart defect; probably patent ductus arteriosus 


0.3 

Enlarged heart of undetermined origin 

K9 

0.3 

Arteriosclerotic disease of vessels of leg 


0.3 

Exertion dyspnea without clear evidence of cardiac disease 

2 

0.7 

Apparently normal heart 

3 

1.0 

Total 

32 

10.7 


In the three groups, in which there was clinical evidence of coronary 
disease, there were 148 cases (49.3 per cent of 300). For comparison, 
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Piird oo \s dn tn are presented in Table 11 where it is seen that the 
anginal syndrome oeenrml in 27 eases ((53 per cent). Pardee specu- 
lated on the possibility of narrowing of the coronary arteries having 
taken place in 8 other eases (18 per cent): thus, he considered the 
theoretical possibility that coronary disease urns present in 81 per cent 
of his eases. 

Taui.k II 


Cusicm. CoRuv.ii.vnos or I.auuv, cyW.wr.s is Lv.au lit With Ounum. Cosnmoss 
is Fohty-Thkkk Casks (Pakokk) 


rusiCAl. lUAOsnsts 

Anginni syndrome 
.Syphilitic aortic insufficiency 
Myocardial fibrosis: 
with congestion 
with arrhythmia 
Ithenmatic heart disease; 

active, with mitral insufficiency 

aortic insufficiency, with or without mitral disease 
mitral insufficiency 

mitral stenosis, with or without mitral insufficiency 
Arteriosclerosis with hypertension 
Hypertension with arrhythmia 

Hyperthyroid (enlarged) heart; enlargement determined 
hv percussion and roentgenograms; patient aged ."4 
years 

Pregnancy; a record alter delivery did not show a large 
Q, (normal hetut) 

EfTort syndrome, including t lie group of cases slmwing 
aeuroeireulatory asthenia (normal heart ) 
formal heart 
Congenital heart defect 
Arteritis obliterans 


CASKS 

rr.it or.Ni 


OILS 

1 

•2. a 

4 

9.4 

i ! 

j 2.3 

t 

2.3 

o 

4.7 

0 

0.0 

t 

2.3 

l 1 

2.3 

t 

2.3 

i 

2.3 


1 

2.3 

•*» 1 

4.7 

0 i 

0.0 

0 ; 

0.0 

0 . 

0.0 


It is possible of course that in some of the cases tlml ! him* classi- 
fied as examples of hypertensive heart disease there may have been 
associated coronary disease, for relatively high coexistence of these 
conditions is seen at necropsy. However, critical review of these 
records did not justify a classification other than that given. It may 
fie noted that the four groups embodying hypertensive and arterio- 
sclerotic heart disease, combined, include 2(i8 cases (89.3 per cent oi.' 
the entire 300). 


In analyzing the remaining thirty-two cases (10.7 per cent) of the 
senes, a rather varied aggregation of conditions is found (Table I). 
Considering the predominant influence of these conditions on the von- 
tiicles it becomes evident that the majority of disorders exerted strain 
oil the loft ventricle (20 cases, (5.0 per cent of 300). It is even possi- 
3 e that the remaining 9 pathological conditions (mitral stenosis, con- 
b°nital cardiac defect, enlarged heart of undetermined origin, and 
ijspnea on exertion without clear-cut evidence of cardiac disease; 

a ^ ^ were complicated by lesions that likewise produced strain 
Predominantly on the left, ventricle. 
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Data Obtained at Necropsy . — Only 9 cases were available in which 
pathological study of the hearts was carried out. The detailed data 
are shown in Table III. This group is obviously too small to permit 
definite conclusions, although certain facts are clearly portrayed. In 
8 cases, the hearts were definitely hypertrophied, ranging in weight 
from 385 to 700 gm. Three cases of hypertensive heart disease oc- 
curred without associated involvement of the coronary arteries. This 
lends support to the conception that the dominant condition is hyper- 
tensive heart disease, as is brought out in Table I. Pour cases pre- 
sented the anginal syndrome, and five cases presented well-marked 
evidence of coronary disease. In all the cases there was evidence of 
disease of the left ventricle. 
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Fig-. 1. Electrocardiograms which contain large Q-waves in Lead III. 


DATA ON CONTROL SERIES 

The composite group 2 - 3 of electrocardiograms, made from 977 nor- 
mal persons, revealed only two eases (0.2 per cent) in which there 
■"mi e large Q-waves in Lead III. This extremely low incidence is of 
considerable significance. In order to obtain further control data as 
0 the incidence of these electrocardiograms in cases of cardiac dis- 
took records, in each of which the cardiac condition corre- 
^Pon eel, as nearly as possible, to one of the four conditions which 
M .^ e seen lnost> frequently in my series of 300 eases. This selection 
Tr ^ 10u * ; knowledge of the nature of the electrocardiograms, 
cases of hypertensive heart disease thus chosen, in twelve (10 
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per cent) there were large Q-waves in Lead III. Large Q-waves in 
Lead III occurred in five cases (7 per cent) of seventy-six cases in 
which the anginal syndrome was present, in four cases (10 per cent) 
of thirty-four cases of hypertensive heart disease with the anginal 
syndrome, and in one ease (3 per cent) of thirty-three cases of arterio- 
sclerotic heart disease without the anginal syndrome and without 
hypertension. 

ASSOCIATED ELECTROCARDIOGRAPHIC FEATURES IN THE SERIES OF 300 CASES 

In the majority of records (214 cases, 71.4 per cent of 300) the direc- 
tion of the T-waves was normal. That is, they were upward in all leads 
in eighty-eight cases (29.4 per cent of 300) and upright in Leads I and 
II and downward in Lead III in 126 cases (42 per cent of 300). This 
incidence is slightly greater than that found by Pardee (63 per cent). 


Table IV 

Associated Significant T-Wave Negativity 


t-wave negativity 

PARDEE 

SERIES 

| WILLIUS SERIES 

NUMBER 

PER CENT 

NUMBER 

PER CENT 

Lead I 

1 

2.5 

28 

9.3 

Leads I and II 

4 

9.0 

20 

0.0 

Leads II and III 

11 

25.0 

27 

9.0 

Leads I, II and III 

0 

0.0 

11 

3.7 

Total 

10 

37.2 

86 

28.0 


The incidence of significant T-wave negativhy is shown in Table IV, 
and is there compared with the observations of Pardee. The occur- 
rence of T-wave negativity according to leads in my series varies con- 
siderably from that of Pardee, particularly as far as Leads II and III 
are concerned. He stated that the greater frequency of inversion of 
T-2 and T-3 (25 per cent) as compared with T-l, with or without T-2 
(11.5 per cent) is noteworthy. In my series, however, this ratio is 
reversed ; T-wave negativity in Leads II and III occurred in only 9 per 
cent of the eases, whereas 19.6 per cent of the cases displayed T-wave 
negativity in Lead I, Leads I and II and in all leads. These ratios are 
in accord with the conception that there was strain predominantly on 
the left ventricle, as already mentioned, and conform to the views of 
Barnes and Whitten 1 regarding T-wave negativity independent oi 
cardiac infarction. 

The only other significant electrocardiographic features encoun- 
tered in my series were in eighteen cases (6 per cent of 300) of auricu- 
lar fibrillation. Two of these cases were associated with T-wave nega- 
tivity in Leads II and III. 

Thus, in the complete group of 300 cases, the only significant elec- 
trocardiographic feature in 19S cases (66 per cent) was the large 
Q-wave in Lead III. Therefore, this abnormality may be looked on as 
being an additional diagnostic sign that may be of reliable significance 
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when the electrocardiogram is otherwise unaltered. It appears to 
occur predominantly in diseases exerting tlicir influence chiefly on the 
left ventricle, hut insufficient reports of necropsy are available at this 
time to permit definite conclusions to be formed. Although the angi- 
nal syndrome occurred frequently (38.3 per cent) when this form of 
electrocardiogram was present, it was by no means limited to cases 
of which the anginal syndrome was a feature. 

SUMMARY 

Three hundred cases in which there were electrocardiograms with 
large Q-waves in Lead 111, according to the criteria of Pardee, are 
presented. The majority of these records (268 or 89.3 per cent.) were 
obtained in examination of patients who had one of the following con- 
ditions: hypertensive heart disease, the anginal syndrome, hyperten- 
sive heart disease accompanied by the anginal syndrome, or arterio- 
sclerotic heart disease not accompanied by the anginal syndrome or 
hypertension. The remaining thirty-two patients (10.7 per cent) had 
miscellaneous conditions, but the majority of them had diseases that 
exert their influence chiefly on the left ventricle. Only three cases 
(1 per cent) in which the patients apparently had normal hearts were 
found. In 198 cases (66 per cent of 300) the large Q-wave in Lead III 
was the only significant electrocardiographic feature present, permit- 
ling the conclusion that this abnormality may be considered as an 
additional diagnostic sign. In the composite group of 977 normal per- 
sons studied by various observers there were only two cases (0.2 per 
cent) in which large Q-waves occurred in Lead III. 
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THYROTOXIC CIRCULATORY SYMPTOMS WITH LOW 
METABOLIC RATE® 

Roger S. Morris, M.D. 

Cincinnati, Ohio 

H YPERTHYROIDISM is one of the well recognized causes of 
heart disease. In the earlier stages, sinus tachycardia is the com- 
monest disturbance of the circulation. Auricular flutter is encountered 
at times, as electrocardiographic records have demonstrated. In the 
later stages of hyperthyroidism, auricular fibrillation and congestive 
heart failure are frequently seen. If the damage to the myocardium 
has not been too great, the fibrillation may cease following subtotal 
thyroidectomy. 

In frank hyperthju'oidism with increase in the metabolic rate, the 
recognition of the nature of the circulatory disturbance is not difficult. 
In the ease of “masked” hyperthyroidism, however, painstaking study 
of the ease is required to bring out the underlying thyroid factor, as 
Levine , 1 Hamburger and Lev 2 and others have shown. Levine consid- 
ers transient auricular fibrillation the most characteristic manifesta- 
tion. The heart sounds are peculiarly loud and hyperactive. Failure 
to obtain the usual reduction in rate through digitalization is sugges- 
tive. Increase in the metabolic rate, combined with such data as the 
general appearance of the patient; greater comfort in cold weather 
than in warm; brief attacks of diarrhea and vomiting; alert, quick 
movements; often a peculiar stare to the eyes and a tremor of the 
fingers ; transient glycosuria — all of these, with increased basal meta- 
bolic rate, in the absence of exophthalmos or obvious goiter, lead to 
the diagnosis. Coexisting organic heart disease renders the diagnosis 
even more difficult. Levine found complete relief or marked improve- 
ment following subtotal thyroidectomy. Hamburger and Lev discuss 
hyperthyroidism masked by congestive heart failure, by anginal heart 
failure, associated with organic heart disease of rheumatic or arterio- 
sclerotic type, or masquerading as diabetes mellitus or as pernicious 
hyperemesis. 

Cases in every way similar but with a low metabolic rate may he 
encountered, as we have reported elsewhere . 3 With increasing experi- 
ence, we are finding the condition much more frequently, and believe 
that early recognition with operation is of great importance. 

The evidence of circulatory disturbance may not be striking in some 
instances, as the first of the following cases illustrates. 

•From the Department of Internal Medicine, University of Cincinnati. 
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Case 1. — IX E. M., male, aged 34 years, was admitted to the hospital November 
17, 1930, for the treatment of duodenal ulcer which had caused a rather severe 
hematemesis. He was placed on the Sippy treatment and improved satisfactorily, 
but complained of a nervous tension and of palpitation. It was noted that there 
was a slight stare and lid-lag but no exophthalmos. There was no visible goiter, 

but palpation revealed a moderately enlarged adenomatous gland, over which a 

faint, continuous murmur was audible. There was an instability of the pulse, the 
rate being between 90 and 100. There was a strong pulsation in the abdominal 
aorta. The blood pressure was increased, averaging between 160/S0 and 170/90 mm. 
The heart action was forceful. Relative dullness measured 2x9 cm. The sounds were 
loud and clear, the rhythm was regular. There was a weak systolic shock at the apex. 
There was slight tine tremor in the fingers. The skin was of normal texture and 
moist. The remainder of the physical examination was negative. On November 17, 
the basal metabolic rate was -17 per cent; on November 24 the rate was -32 

per cent; on November 29 a third determination also gave a rate of -32 per cent. 

Differential count showed 27 per cent lymphocytes. Subtotal thyroidectomy was 
performed December 3. A fairly large adenomatous gland was found. Eor two 
days after operation thyrotoxic symptoms increased but were controlled by luminal 
and by increasing the dose of Lugol’s solution, which had been started prior to 
operation. Thereafter the patient made an uneventful recovery. Nine days after 
operation the basal metabolic rate was -12 per cent. A month after operation 
the metabolic rate was -10 per cent, the pulse rate was normal and the blood pres- 
sure 120/80 nun. The nervousness and palpitation disappeared and the patient was 
feeling perfectly well. 


This case represents a mild form of thyrotoxic circulatory disturbance. 
Palpitation, consciousness of the heart’s action and tachycardia were 
the only symptoms referable to the circulation. There was nervous- 
ness and a tendency to perspire. Physical findings indicating thyro- 
toxicosis were the lid-lag and stare, goiter, tremor of the fingers, over- 
active heart with loud sounds, moderate tachycardia, and increase in 
the pulse pressure. The basal metabolic rates would seem to exclude 
a hyperthyroidism, yet the symptoms and physical signs which sug- 
gested a mild thyrotoxicosis cleared up after subtotal thyroidectomy 
just as in cases of hyperthyroidism. Three weeks of absolute bed rest 
puor *° operation had been of no avail. The findings in no way sug- 
gested hypothyroidism. The metabolic rate rose to the. lower limit 
of normal following operation. 


ask Mrs. P. M., married, aged 70 years, was seen in June, 1930, complaiu- 
aep Palpitation, ‘ ‘ smothering spells” at night, consciousness of the heart’s 
nervousness. These symptoms had been present with varying degree 
niore CVCr ''^ ^ 6arS ' ^'' levc was increased perspiration. The weight had not varied 
short ^' an a ^ 6W P oimc ^ S- tin physical examination the patient was found to be 
there ail< ^ s t°nt. There was no exophthalmos, but a suggestive stare was noted; 
(liffi iT n ° The neck was short and the thyroid was palpated with some 

on! * i ’ ^ WaS t’ rm an, l nodular, a typical adenomatous goiter. The heart was 
line ® C( the left, the apex being in the fifth interspace, 12 cm. from the mid- 
9C ' rm" Slight b' heaving. The blood pressure was 200/120 mm.; the pulse rate 
rate & ^ 11C Senior of the fingers. A determination of the basal metabolic 

drops^tli' Ina ^ G tMs time. The patient was given Lugol’s solution, ten 

> nee times a day for two weeks. There was improvement in all the symp- 
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toms, and the blood pressure decreased to 150/90 mm.; pulse rate 84. In Sep- 
tember the patient entered tlie hospital for operation. The symptoms and physical 
findings remained as they were at the original examination. The basal metabolic 
rate was -0 and +4 per cent. The blood pressure was 196/110 mm. A subtotal 
thyroidectomy was performed, from which the patient made a good recovery. She 
has been feeling well since then and has been entirely relieved of her symptoms. 
Her blood pressure following operation was 152/S4 mm. 

Case 3. — Mrs. K. H., aged fifty-one years, was seen November 20, 1928. She 
was emotional, crying easily. She complained of tachycardia, consciousness of 
the heart's action, a feeling of nervous tension and tremor of the hands. These 
symptoms had been troublesome for about one year. There was no increase of 
perspiration and no loss of weight. The patient has had a goiter for many years. 
Physical examination showed a woman 5 ft. 2% in. tall, weight 146 lb. The color 
was good. There was no exophthalmos, lid-lag or stare. The thyroid was enlarged 
and firm, the left lobe some what larger than the right. The consistence was uneven, 
indicating the presence of adenomata. The heart was normal in size, the sounds 
loud and clear, the rate 100, rhythm regular. The blood pressure was 136/76 nun. 
There was a fine tremor of tlie fingers. The remainder of the physical examination 
was negative. Differential count showed 58 per cent lymphocytes. Red and white 
counts and hemoglobin were normal. On November 27 the basal metabolic rate was 
+1 and +7. Subtotal thyroidectomy was done January 2, 1929. An adenomatous 
goiter was found. Recovery was uneventful. On March 2, 1929, the patient was 
re-examined. She felt better in all respects. The nervousness had disappeared. 
There was no longer throbbing in the arteries, and the hands were steady. The 
pulse rate was 84, blood pressure 126/74 mm. Basal metabolic Tates were +5 
and +8 per cent. 

Case 4. — Mrs. C. E. M., aged fifty-nine years, was seen September 9, 1929. 
For eight years she bad bad attacks of diarrhea which lasted about one week. She 
bad about six attacks a year. For more than a year she had lost strength and had 
lost 18 pounds in weight in the last six months. She had been very nervous for 
several months, and her hands had been unsteady in sewing and writing. There 
was no history of rheumatic fever. The patient was a small woman, height 5 
feet, weight 112 pounds. She looked older than her age. There was no exoph- 
thalmos, but a definite stare and lid-lag were noted. There was a marked tremor 
of the fingers. Both lobes of tlie thyroid were enlarged and adenomatous. The 
heart apex was S.5 cm. to the left in tlie fifth interspace. Relative dullness measured 
2 x 10 cm. Auricular fibrillation was present. Tbc heart Tate was 32 to the 
quarter minute. There was a systolic apical murmur. The pulmonic second sound 
was not accentuated. The blood pressure was 150/80 mm. for the largest heats. 
There was no edema. Basal metabolic rates on September 10 were +4 and +7. 
Subtotal thyroidectomy was performed on September 17, from which the patient 
made a good recovery. One week following operation, the heart became regular. 
Subsequently, the tremor and nervousness disappeared and the patient gained 20 
pounds. The basal metabolic rate was not determined following operation. Symp- 
tomatic recovery' lias been complete. 


COMMENT 

These eases illustrate the importance of a careful investigation of the 
thyroid and, when indicated, the beneficial results which may be ob- 
tained through operation. r l'hc basal metabolic rate, while very helpful 
when it is elevated, is a sign which should be ignored , when normal oi 
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subnormal , in ihc presence of unmistakable evidence of thyrotoxic symp- 
toms and signs. 

The circulatory manifestations are often more pronounced than in 
the cases cited. Every case of auricular fibrillation should have care- 
ful study of the thyroid; rheumatic heart disease may he associated 
ivith thyroid disease. Operation may largely relieve the circulatory 
symptoms. At times the goiter is substernal, being demonstrable only 
by x-ray examination. 

The explanation of the low basal metabolic rate in the cases under 
discussion is not clear. The symptoms and signs are those of hyper- 
thyroidism rather than of myxedema. Yet subtotal thyroidectomy 
either raises the metabolic rate when it is subnormal or, when normal, 
leaves it practically unchanged. Signs of myxedema with low meta- 
bolic rate would undoubtedly follow if too much of the gland were 
removed, hut as yet we. have not encountered such instances among 
our cases. It is noteworthy, too, that both subjective and objective 
improvement may be obtained with Lugol’s solution prior to opera- 
tion, just as in hyperthyroidism. 

An important fact to keep in mind in connection with the thyroid 
heart is that it is the one type of heart disease which is preventable. 

In any patient in whom the pulse pressure and the blood pressure 
are increased without apparent cause, thyroid disease should be sus- 
pected. Usually the systolic pressure is elevated ; often both systolic 
and diastolic pressures are raised. 

In all patients with cardiac neuroses, the possibility of disease of the 
thyroid gland should never be lost sight of. Careful study of the case 
often reveals a “burned out” hyperthyroidism or an adenomatous 
thyroid. Subtotal thyroidectomy may result in cure. 

Iu patients with organic heart disease, the thyroid may be a con- 
tributing, at times a dominant, factor in the production of symptoms. 
The frequency with which a thyroid dyserasia is found, depends upon 
the care exercised in looking for it. 
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THE STATUS OF THE HEART IN MYXEDEMA* 

C. L. Tung, M.D. 

Peiping, China 

'TTIE condition of the cardiovascular system in myxedema is still 
A controversial. Zondek in 1918, 1 Assmann in 1919, 2 Meissner in 
1920, 3 and Falir in 1925 4 and in 1927, 5 have described cases in which 
dilatation of the heart both to the right and to the left and signs of 
cardiac failure were relieved only by thyroid therapy. Willius and 
Haines, 6 studying a. large number of cases of myxedema in 1925, found 
no characteristic cardiovascular changes. 

As to the electrocardiographic changes in myxedema, Zondek de- 
scribed cases in which the P- and T-waves were absent, and reappeared 
after thyroid medication. Falir found the P-wave present in his cases ; 
he considered a negative T-wave in Leads I and II the most charac- 
teristic change. Lueg 7 and Nobel, Rosenbliith and Samet® state that 
the increased resistance of the skin may account for the “absence” 
of P- and T-waves. This explanation is, according to Wilson, 0 unten- 
able, since the electrical capacity introduced into the circuit by the 
high resistance of the myxedematous skin should be eliminated by 
proper preparation of the skin before the electrocardiogram is taken. 

Thatcher and White 10 in 1926 published a careful study of the elec- 
trocardiograms in 14 cases of myxedema in all of which there was a 
low T-wave in Lead II. They also noted a general decrease in the 
amplitude of all electrocardiographic deflections in all leads before 
treatment, with an increase after treatment with thyroid extract. 
They concluded that there is a distinct parallelism between the height 
of the T-wave in the electrocardiogram and the basal metabolic rate 
in hypothyroidism. 

Willius and Haines, 6 in analyzing the electrocardiograms in 55 cases 
of myxedema, found the curves, aside from graphic evidence sugges- 
tive of ventricular preponderance, to be normal in 28 of them and 
abnormal in 12. The abnormalities in the latter group consisted 
chiefly in T-wave negativity, with disappearance of negativity after 
thyroid medication. 

Reid and Ivenway 11 recently studied the electrocardiograms of 260 
patients with various clinical conditions, who had a basal rate between 
minus 10 per cent and minus 48 per cent, and discovered no electro- 
cardiographic findings characteristic of low basal metabolism, the 
definitely myxedematous subjects, of which there were 5, all showed 
low T-waves ; 4 showed low P-waves as well. 

•From the Department of Internal Medicine, University of Michigan Medical 
School. Ann Arbor, Michigan. 
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With the object of obtaining additional evidence bearing upon the 
condition of the heart in myxedema, T have gone through the records 
of all patients diagnosed as having myxedema during the last eight 
years at the University of Michigan Hospital. Cases diagnosed “hy- 
pothyroidism” were not included in this study, since this diagnosis 
was usually based on a slightly lowered basal rate, often not lower 
than minus 20 per cent, and since no roentgenologic or electrocardio- 
graphic examinations were made in these cases. There were 18 cases, 
diagnosed as myxedema, in which electrocardiograms were available. 
In all of these patients the basal metabolic rate was minus 25 per cent 
or lower, with the exception of one who had received a few doses of 
desiccated thyroid before the first determination. In this case the 
basal rate was minus 18 per cent. There were only 7 cases in which 
electrocardiograms were made both before and after treatment. 

Of the 18 subjects studied, 13 were women and 5 men. The average 
age was forty-seven years; 4 patients were under thii'ty-nine years, 
5 between forty and forty-nine years, and 9 over fifty years of age. 
All of them presented the typical signs and symptoms of myxedema. 
In practically all of the cases the heart sounds were described as 
faint-, in some instances they were almost inaudible. Seven patients 
presented symptoms and signs of first degree cardiac insufficiency ; in 
5 of these the heart was enlarged ; in the other two it appeared to be 
normal in size. These patients complained of dyspnea on exertion 
and showed pitting edema over the ankles and feet.® Eleven patients 
had no cardiac failure. Fluoroscopic and telerocntgenographic exami- 
nations of the heart were carried out in 15 cases. In the reports of 
the fluoroscopic examination the heart is often described as showing 
indistinct or feeble pulsation of its borders. The heart was enlarged, 
either on roentgen ray or on physical examination, in 9 patients ; 5 of 
these showed an aortic or hypertensive type of enlargement with a 
prominent aortic knob. In all of these eases either hypertension or 
general arteriosclerosis was present. It was considered not enlarged 
m 9 cases, 3 of which showed a rather prominent aortic knob in the 
lemamder the heart was apparently normal in shape. Seven of the 
entire group showed peripheral and retinal arteriosclerosis; 8 had no 
evident arteriosclerosis ; in 3 patients, the condition of the peripheral 
and retinal vessels was not mentioned. Of the group of 7 who showed 
geneial arteriosclerosis, 2 were between forty -five and forty -nine 
^ ears, and 5 over fifty years of age. The presence of arteriosclerosis 

cour >ts and hemoglobin determinations were made in IT cases. The 
(Sabin J,,; SSJ 1 cou, it was 3.8 million per c. mm., and the average hemoglobin value 
lower ovtvf {?• per cent - Of the seven patients who showed pitting -edema of the 
ce ll cou'nio Uk s ' I 1 ! 1 U'H hemoglobin readings above OS per cent and red blood 
Probable ?, ve 3 ; S million, per c. mm., except one with 3.5 million. It is not 
Was due tn ti e edema of the lower extremities observed in these patients 

readmes anemia. Foot patients in which the red counts and hemoglobin 

dema. ere Selo w 3.5 million and GS per cent respectively, did not show pitting 
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may have been related more to the process of senility than to the 
duration of myxedema, since of the 6 cases Avith myxedema of ten or 
more years’ duration, only 2 showed moderate peripheral arterio- 
sclerosis, and 4 shoAved none. Seven patients sliOAved a systolic blood 
pressure exceeding 150 mm. Hg., or a diastolic pressure in excess of 
90 mm. Hg. or both. In the others there Avas no evidence of hyper- 
tension. Only one of the 6 patients Avho had suffered from myxedema 
for ten years or more had hypertension. Apparently, the blood pres- 
sure is often Ioav in patients Avith myxedema of long duration. Ex- 
cluding the one case in Avhieh the first basal rate Avas made after sev- 
eral doses of tigroid extract had been given, the average basal meta- 
bolic rate of the 17 subjects Avas minus 33 per cent. 

ELECTROCARDIOGRAPHIC FINDINGS 

The average heart rate, determined from the initial electrocardio- 
grams made before treatment Avas begun, Avas 71 per minute, AAdiile 
the average rate taken during the first basal metabolic rate deter- 
minations Avas 9 beats less, or 62 per mitnute. The P-R. interval AA r as 
essentially normal, except that it Avas slightly prolonged in 3 subjects ; 
in tAvo of these it measured 0.2 second and in one 0.22 second. The 
duration of the initial ventricular deflection, QRS, varied betAveen 
0.06 and 0.08 second, and Avas, therefore, normal in all cases. The 
minimum, average, and maximum amplitudes in millimeters of the 
deflections P, R, S, and T are given in Table I. Compared Avith simi- 


Table I 

Amplitude ix Millimeters of Deflections in Eighteen Cases of Myxedema 



LEADS 

p 

i R : 

s 

T 

Minimum 


0 . 


0.4 

-2.0 

Mean 

i 

0.4 

■■ 

0.5 

-0.1 

Maximum 


1.0 

10.0 

2.0 

. 1.6 

Minimum 


0 . 

0 . 

0 . 

-1.5 

Mean 

ii 

0.6 

5.1 

0.5 

-0.3 

Maximum 


1.4 

11.0 

4.0 

1.0 

Minimum 


-1.0 

0 . 

0 . 

-1.2 

Mean 

ii 

0.2 

1.6 

2.0 

-0.2 

Maximum 


0.5 

6.0 

10.0 

1.0 


Note : Each millimeter = ll )- 4 volt. One patient showed auricular fibrillation. 


larly tabulated A’alues obtained in 52 normal students by LeAvis, 32 the 
mean values of the P-defleetions in Leads II and III are only one-half 
and one-fourth, respectively, of the mean figures for the same leads 
of LeAvis’ normals. The mean amplitudes of the R-AA'aA'es in Leads II 
and III are likewise only one-half and one-fourth the normal values. 
The difference in the amplitudes of these deflections is too great to 
be entirely accounted for by the difference in the average age bc- 
tAveen this group and that of normal students studied by Lewis. 
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Still move definite and conspicuous are tlie changes in the T-deflec- 
tions. The minimum, average, and maximum values of the T-waves 
in the myxedema cases are far below the normals of Lewis. The 
average amplitude of the T-deflection in Lewis’ normal subjects was: 
Lead I, 1.93 mm.; Lead II, 2.46 mm.; and Lead III, 0.61 mm.; while 
the corresponding averages in myxedema are: minus 0.1, minus 0.3, 
and minus 0.2 mm. respectively. In fact, the maximum height of this 
deflection in Leads I and II of my series is definitely less than the 
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thprn^'. 1- T (Case E.k.g. No. 9190, taken September 29, 1927, before thyroid 

OctohlS’oo i?o-? asal metabolic vat -e was. minus 36 per cent. E.k.g. No. 9341, taken 
al i J<i 7, after thyroid therapy when basal metabolic rate was plus 8 per cent. 


average height in the corresponding leads of Lewis’ series. Table II 
gives the direction of the T- and P-deflections of the 18 cases before 
tieatment. Inversion of T in Lead I, or in Leads I and II occurred in 
6 patients ; inversion of T in Leads II and III occurred in 6 eases ; in- 
cision of T in all leads occurred once; and flat T-waves in all three 


Table II 


Direction of T- and P-Waves in Eighteen Cases op Myxedema 
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leads occurred twice. The T-deflections were, therefore, definitely 
abnormal in 15 out of 18 patients. When upright, they were not more 
than 1.6 mm. in height in Lead I, and not more than 1.0 mm. in the 
other two leads. 

In only 7 patients of this series was an electrocardiogram taken after 
the basal rate was brought back to an approximately normal level by 
thyroid medication. As changes in the electrocardiograms following 
treatment constitute definite evidence that the deviations from normal 
found in the curves before treatment are attributable to myxedema, 
the data in each of these 7 subjects are tabulated in detail in Table III. 
It will be noticed that although the P- and QRS-deflections tended to 



Fig-. 2. — (Case 2.) E.k.g. Ho. 86X4, taken June 21. 1927, before thyroid therapy, 
when basal metabolic rate was minus 27 per cent. E.k.g. No. 0071, taken Septem- 
ber S, 1927, after thyroid therapy, when basal metabolic rate was plus 2 per cent. 


rise following treatment, the chief alteration consisted in the direction 
and amplitude of the T-deflections in Leads I and II, where all inverted 
or flat T-deflections became definitely upright, and low T-waves as- 
sumed a greater amplitude. There is, however, a tendency in all but 
one case for the T-wave in the third lead to become or remain flattened 
or inverted following treatment. Figs. 1, 2, and 3 illustrate the 
changes in the electrocardiograms of three of these patients produced 
by treatment. 

In only one patient (Case 4) were teleroentgenograms taken both 
before and after thyroid treatment. This patient presented slight 
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cardiac insufficiency, with a transverse cardiac diameter of 15 cm. 
before taking desiccated thyroid. When the basal rate was brought 
up to minus 9 per cent, the transverse cardiac diameter was 12.75 cm. 
In the other cases, no follow-up x-ray examination of the heart was 
made. 

It would not be profitable here to speculate upon the significance of 
the inversion of the final ventricular deflection. Whether it is due to 
myocardial anoxemia, consequent upon diminished blood flow through 
the coronary vessels, to a myxedematous change in the heart muscle, 



theran'v ‘V ) K \ k -?> No - U113, taken November 23, 1928, before thyroid 

Mav 9i ooo. ~ asa A metabolic rate was minus 31 per cent. E.k.g. No. 11837, taken 


Slav <T ’in bo'"' " a - aa - 1 meiaoouc rate was minus 31 per cent. E.k.g, 
» after thyroid therapy when basal metabolic rate 


was minus 


taken 
9 per cent. 


01 to S0TOe other cause, is at present uncertain. Whatever the actual 
mechanism underlying the T-wave inversion, it is probably depend- 
ent upon a functional change in the gradient of the ventricular nras- 
CU a ^ ure ’ involving a change in the duration of systole in the various 
paits of the ventricles. It is interesting to note again that all in- 
^eUed or flat T-deflections became definitely upright after the basal 
me abode rate was brought back to an approximately normal level, 
n mating that the cardiac damage is not necessarily permanent, 
k seven cases, which presented signs of cardiac insufficiency 

6 ° le tre atment, all such signs disappeared after thyroid therapy. 


Table III 
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The definite response of these patients to substitution therapy and 
their failure to respond to digitalis are evidence that the clinical 
syndrome which has been referred to as a “myxedema heart” does 
exist in a certain proportion of patients with high grade myxedema 
and is due to a lack of sufficient thyroid secretion. Although cardiac 
insufficiency occurred in only a little more than one-third of these 
patients, the electrocardiogram demonstrated cardiac abnormalities 
in more than three-fourths of them. Perhaps, only a small number 
develop definite signs of cardiac weakness because of the diminished 
metabolism and activity which characterize the disease. 

SUMMARY 

This study is based upon an analysis of the hospital records of 
eighteen cases of definite myxedema with an average basal metabolic 
rate on admission of minus 33 per cent. The average age of these 
patients was forty-seven years. Seven of these patients showed evi- 
dence of cardiac insufficiency; nine had enlargement of the heart; 
seven had hypertension; and in seven a. definite generalized arterio- 
sclerosis was noted.- There did not appear to be any definite relation 
between the presence of hypertension or arteriosclerosis and the 
duration of the myxedematous state. The symptoms and signs of 
cardiac weakness disappeared under thyroid medication. In all cases, 
the electrocardiogram showed P-waves and QRS-waves of relatively 
small amplitude. The most striking abnormality was the flattening or 
inversion of the T-deflection which disappeared after treatment in 
the seven cases in which the electrocardiographic examination was re- 
peated after the basal metabolic rate had returned to normal. 

The writer wishes to acknowledge his indebtedness to Dr. Frank N. Wilson for 
his encouragement and valuable suggestions. 


REFERENCES 

1. Zondek, H. : Munclien. med. Wclinschr. 65: 11S0, 191S; 66: 6S1, 1919. 

2. Assmann, H. : Miinchen. med. Wclmschr. 66: 9, 1919. 

3. Meissner. K.: Miinehen. med. Wclmschr. 67: 1316, 1920. 

4. Fahr, G.: J. A. M. A. 84: 345, 1925. 

5. Fahr, G. : Am. Heart J. 3: 14, 1927. 

6. Willius, F., and Haines, S.: Am. Heart J. 1: 67, 1925. 

7. Lueg, W.: Ztsehr. f. klin. Med. 104: 337, 1926. _ 

S. Nobel, E.: Rosenbliith, A., and Samct, B. : Ztsehr. f. exper. Med. 43. 33-, 
1924. 

9. Wilson, F. N. : Personal communication to the author, 1931. 

10. Timelier, C., and White, P. D.: Am. J. M. Sc. 171: Gl, 1926. 

11. Reid, W. D., and Kenway, F. L. : Endocrinology 13: 191, 1929. 

12. Lewis, T.: Clinical Electrocardiography, Ed. 3, 22, 1923, Shaw and Jons, 

London. 



THE MECHANISM OF DEATH OF THE HUMAN HEART AS 
RECORDED IN THE ELECTROCARDIOGRAM* 

Kenneth B. Turner, M.D. 

New York, N. Y. 

T HE mode of death of the human heart, while it has claimed the 
attention of clinicians from time to time, has been mainly of aca- 
demic interest. The demonstration in recent years that certain measures 
designed to revive a dying myocardium may at times be successfully 
employed makes desirable an analysis of existing knowledge of the 
sequence of events which immediately precedes the cessation of cardiac 
activity. Hearts which have apparently ceased to beat have resumed 
contraction following the intracardiac injection of adrenalin, after 
manual massage, or from the mechanical irritation caused by needle 
puncture alone as pointed out by Hyman. 1 The therapeutic use of 
oxygen has served to support a severely damaged heart muscle during 
periods of profound weakness until functional recovery has made pos- 
sible resumption of a circulation adequate for the continuation of life. 

It is the purpose of this paper to analyze the cases previously re- 
corded, to supplement these with five additional reports, and to deter- 
mine any possible therapeutic application of our existing knowledge of 
the dying human heart. 

REVIEW OF THE LITERATURE 

The first reference to electrocardiographic studies of the dying human 
heart is by Rohmer 2 who reported before the Section of Pediatrics of 
the Deutscher Naturforscher und Aerzte his observations in three fatal 
cases of diphtheria. He believed that the records showed complete dis- 
sociation of auricles and ventricles and noted further that the form of 
the QRS group was abnormal. So far as can be determined, these ob- 
servations were never published as a paper. 

In 1912 Robinson 3 made records of seven patients who died of acute 
infections (two of poliomyelitis, one of pneumococcus meningitis, four 
°f pneumonia). Cardiac activity persisted for from six to thirty-five 
minutes after clinical death had occurred. In four cases, ventricular 
activity outlasted the auricular, while in two, the auricles continued to 
icat after the ventricles had stopped. Both auricles and ventricles 
ceased simultaneously in the remaining ease. ‘ ‘ Marked slowing of the 
late of cardiac activity always occurred and there was usually distinct 
^ le conduction time between auricles and ventricles. Com- 

Columbia Un?v<^ff artme > n h of Medicine, College of Physicians and Surgeons of 
onueisity, and the Presbyterian Hospital. 
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plete dissociation was seen in three eases. Ventricular fibrillation oc- 
curred in two cases, in one of which the ventricles again established 
- a regular rhythm. Evidence of auricular fibrillation was never seen. 
Characteristic changes in the ventricular electrical complex occurred 
in all these cases. They consisted of a decrease in the size of the 11- 
wave and an increase in the size of the T-wave, and a tendency to a 
fusion of these waves. There was usually but little change in the dura- 
tion of the ventricular complexes as the cardiac activity gradually 
ceased.” From these observations, Robinson concluded that “when 
death occurs from an acute infectious disease, there is no one point in 
the human heart which may be considered as the ‘ultimum morions. ’ ” 

Electrocardiographic records were made by Halsey 4 during the death 
of a patient from bronchopneumonia. The heart rate slowed markedly, 
with a gradual prolongation of auriculoventricular conduction and a 
change in the form of QRS. An idioventricular rhythm appeared and 
auricular activity ceased. Ventricular fibrillation appeared shortly, be- 
fore the death of the heart. 

The first records reported of patients dying of intrinsic cardiac dis- 
ease were those of Dieuaide and Davidson. 5 In two cases electro- 
cardiograms were taken during the death of the heart, while in a third 
case, the last record was taken three hours before death. The first two 
patients could probably be classified as cases of arteriosclcrotic-hyper- 
tensive heart disease. The third case was one of rheumatic hcai-t dis- 
ease. Certain features were common to all three cases from an electro- 
cardiographic standpoint, namely, a gradual slowing of..,chrdiae -rate, 
together with lengthening of P-R, QRS, and Q-T intervals^*, diminution 
of the amplitude of R and T; and A-V nodal rhythm ’bi* complete dis- 
sociation of auricles and ventricles. Various arrhythmias were observed, 
including auricular and ventricular ’ extras.vstoles, ventricular tachy- 
cardia, and auricular and ventricular fibrillation. Transient ventricular 
fibrillation occurred in the first case after all evidence of auricular 
activity had disappeared. Death occurred following a series of ab- 
normal complexes, presumably of ventricular origin, which gradually 
slowed in rate and decreased in amplitude. In the second case, com- 
plete dissociation of auricles and ventricles also occurred. There was 
transient auricular fibrillation and there were brief runs of ventricular 
tachycardia. In the third case, transient ventricular tachycardia was 
observed three hours before death. 

In an excellent, study based on observations in twenty cases, Schcl- 
long® noted the frequency of A-V nodal rhythm, and found that this 
was often interrupted by beats of sinus origin. Tie believed that a 
lengthening of the P-R interval always went parallel with a decrease 
in rate during the first stage of death of the heart and that these changes 
were due to vagus activity. Complete auriculoventricular dissociation 
was found to occur in dying hearts, not as the result of a conduction 
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disturbance, but whenever the sino-auricular frequency fell below that 
of the A-V node. However, partial heart-block was not uncommon. 
Two cases showing auricular fibrillation died with gradual slowing of 
the circus movement. Schellong stated that the appearance of ven- 
tricular fibrillation depended upon the ability of the heart muscle to 
form ectopic impulses of sufficient frequency, regardless of the presence 
or absence of auricular fibrillation. In the two cases of ventricular 
fibrillation observed by him, both developed after a ventricular tachy- 
cardia. The T-waves in the dying hearts were noted to increase in 
size and to become positive even when previously negative. 

Willius 7 reported four cases in detail and referred to two others in 
his series in which he found that, as death approached, auricular activity 
always ceased before that of the ventricles. Auricular fibrillation was 
present twice at the beginning of electrocardiographic study, but did 
not occur as an intercurrent event. Transient auricular flutter occurred 
once. A-Y nodal rhythm was present in five cases. Complete heart- 
block was found three times, sino-auricular standstill twice, prolonged 
conduction and partial heart-block each once. Periods of cardiac stand- 
still occurred in three cases, lasting 9.4 seconds in each of two patients, 
and 11.4 seconds in the third. Ventricular fibrillation occurred in four 
cases, and was terminal in three. A tendency to fusion of R and T was 
found in three eases. The four patients reported fully consisted of two 
cases of hyperthyroidism, one of rheumatic heart disease, and one of 
rheumatic heart disease with concurrent bacterial endocarditis. 

In a study of ventricular tachycardia complicating digitalis therapy, 
Reid 8 recorded a change from ventricular tachycardia to a terminal 
ventricular fibrillation in one case. 

Kahn and Goldstein 9 made observations on seven cases in all of which 
the sinus node failed first as shown by the establishment of A-V nodal 
rhythm. Intraventricular conduction defects were common. Ven- 
tricular fibrillation was present in two of their cases, once as a terminal 
event. In their summary, these authors stated that “the cessation of 
the normal auricular contraction stimulus seems to be the critical 
phenomenon in the process of death. Before this happens, the sinus 
node shows irritability and depression in various sequences and degrees 
and it is probable that if the disturbance could be controlled before 
cessation of sinus function, recovery might occur. After this happens, 
h is known experimentally that the heart will not recover although 

reoxygenated.” 

In seventeen cases reported by Martini and Sckell 10 the first change 
nas a decrease in rate in most instances. Fatigue of the S-A node led 
an A-V nodal rhythm. A new “X” wave frequently appeared be- 
' Gen ® an< ^ There was no constant form of the T-wavc, but there 
ele^t ^ * eU( ^ enc y ^ or lh e R and T waves to merge. In these cases the 
c ucal manifestations did not persist long after clinical death, nine 
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minutes and thirty-eiglit seconds being the longest interval recorded. 
The authors concluded that no constant “ultimum morions” could be 
found but that most often it was probably the A-V node. 

Willius 11 recently summarized the data on this subject and stated 
“the fairly uniform onset of nodal rhythm, with marked slowing of 
the heart, and the -varied phases of block that frequently arc associated 
with these characteristics, are suggestive of marked vagal action. These 
phenomena are present at about the time that death appears to have 
occurred and when, undoubtedly, a marked degree of both cardiac and 
cerebral asphyxia is present. Cerebral or cardiac asphyxia, or both, 
have been produced experimentally and graphic transitions have ap- 
peared which are similar to those that have been produced b.y the dying 
human heart. The later changes observed, namely, long periods of com- 



plete cardiac asystole, the fusion of component waves, and vcntiicu ai 
fibrillation may result from more profound changes which occui in t 10 
musculature itself.” Also, in dying, “there is little difference between 
the records from patients with normal hearts and those fiom patients 
with advanced heart disease.” 

At a recent meeting of the Berliner Medizinisehe Gesellschaft, 10 cs 
sor v. Hoesslin 12 stated that he had observed electrical activity in leai 
for a half-hour or more after clinical death. Ventrieulai film at ion 
was rarely of long duration. Attempts to bring about a rcstoiation 0 
cardiac activity once standstill had occurred were more likely to sue 
cecd when the heart was not severely diseased. 


CASE REPORTS 

Case 1. — M. S., a i>5-year-old unmarried Irish 
pital because of gangrene of the left great toe. 


woman, was admitted to the hos- 
She was found to have general 
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arteriosclerosis and a somewhat enlarged heart with a tortuous aorta by x-ray 
examination. The past history was unimportant. The blood pressure was 112/72 
nan. Amputation through the knee was performed, and on the fifth day after opera- 
tion she complained of difficulty in breathing and pain over the precordium. She 
rapidly became dyspnea*, cyanotic, and pulseless. The electrocardiograms were 
taken during clinical death, which was believed to have been due to pulmonary em- 
bolism. Necropsy was not performed. 


Discussion of ihc Eire t roco rd iotj ra ms . — The first electrocardiogram 
was taken about fifty minutes after the onset of symptoms and six 
minutes before clinical death (Fig. 11. The record shows bizarre com- 
plexes, presumably of ventricular origin, occurring somewhat irregularly 




Eig’. 2. Case X, A and J>. Heads I and II. Taken during clinical death. C and D. 
Leads I and II. A few seconds after the preceding'. 


a . Il d at a rate of about 26 per minute. The rate is a little move rapid 
111 ^cad HI than in Lead I of this record. The main deflection is down- 
"md in Lead I and upward in Lead III. In the third lead occur very 
slight deviations from the base line that may he due to auricular activity. 

A second record was taken about two minutes after the first (Fig. 2 A 
and 5), during the occurrence of clinical death. Throughout this record 
anncular contractions alone arc present with the exception of a single 
nzau-e ventricular complex in the early part. The P -waves, which are 
Rpdght, occur regularly at. a rate of 60 per minute. 

te third record was practically continuous with the second. The 
amides continue to' beat for five minutes after clinical death. The 
} tin has become increasingly regular and the rate shown gradual 
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slowing. Again in this record, a single bizarre ventricular complex 
occurs. This is the last evidence of ventricular activity. The auricles 
outlast the ventricles by about fifteen or twenty seconds (Fig 2 C and 
D). 

Case 2. — C. T. was a 52-year-old Jewish salesman who was admitted to the hos- 
pital in uremia. He was found to have a blood pressure of 185/110 nun., general 
arteriosclerosis, and a large heart. There was no evidence of cardiac insufficiency. 
The blood showed a profound secondary anemia, evidence of marked nitrogen 
retention and acidosis. A loud precordial friction rub was heard. His course was 
progressively downhill. On the fourth day in the hospital lie developed auricular 
fibrillation. There was a terminal bronchopneumonia. On the morning of the 
tenth day he had two convulsions and shortly thereafter died. Autopsy showed 
a chronic glomerulonephritis with general arteriosclerosis, cardiac hypertrophy, acute 
fibrinous pericarditis, and lobular pneumonia. 



Fig-. 3 . — Case 2. Leads I, II, and III. About two minutes before clinical death. 

Discussion of the Electrocardiograms . — The first electrocardiogram 
was taken on the fourth day, shortly before the auricles began to 
fibrillate. The record shows sinus rhythm with a rate of 94. The P- 
waves are all upright and there is some notching of P2. The F-R 
interval is 0.17. S3 is notched. The T-waves are upright, and those 
in Leads I and II are unusually prominent. There is an elevation of 
the S-T interval in all leads but this is not very marked. 

The second electrocardiogram was taken six days later during the 
death of the patient. The record was started at 10:20 a.m. and vas 
practically continuous until 10:24 a.m. when the last evidence of elec- 
trical activity was seen. Clinical death of the patient took place at 
10:22 a.m., two minutes before the death of the heart. The reeoid be- 
gins with a series of regular beats at a rate of 36. Apparently these 
beats originate in the lower portion of the A-Y node with retrograde con- 



turner: mechanism ok heath op the human heart 


749 


faction to the auricles, as shown by inversion of P-waves following 
the QTtS complexes (Fig. 3). This rhythm is occasionally interrupted 
by cctopie ventricular beats without compensatory pause. These beats 
sometimes replace the beats of nodal origin without disturbance of the 
rhythm (Fig. 4, A and B). At one place complete cardiac standstill 
occurs, lasting 7.2 seconds, followed by a ventricular contraction of the 
type seen previously, whereupon nodal rhythm is resumed for the 
space of four beats. Following this series, a succession of four ven- 
tricular complexes appears. There is again a period of cardiac stand- 
still, lasting 13 seconds, interrupted once more by a contraction of 





Ventrirn l or 0 . . ,F 0a ^ H. A' anil If, About two infinites before clinical death. 

iiijtnni preceding: cardiac death. 7), Last evidence of cardiac activity. 


C, 


\cnhicular origin. Three more nodal beats appear, of usual form, fol- 
°" e by a succession of ventricular complexes with an irregular rhythm 
mat ting the end of cardiac activity. There is no change in form in these 

cimnial complexes, nor is there any diminution in their amplitude (Fig. 
■*> b and D). 

comatose ^ " as a ^-year-old contractor who entered the hospital in a 

s'tbacute° ] S / nt ° . <UK * was ^ 0U1 ul to have syphilitic aortitis with a superimposed 
both anti WC * Gl * a * en 4oearditis. His blood Wassevmann reaction was four plus in 
stantly pr^ enS re P ea * c ^ blood cultures showed non-hemolytie streptococci con- 
On the ^ ^ 3I e ^ Ge trocardiograni was taken on the third day in the hospital, 
patient 1^° ' a ^ tcl £ V5U bial improvement in the clinical condition, the 

se^eial attacks of unconsciousness during which his pulse rate was 34 
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and regular. Following one of these attacks he died. An electrocardiogram was 
taken a few minutes before, but not actually during, the clinical death of the 
patient. An autopsy was not permitted. 

Discussion of the Electrocardiograms . — The first record was taken on 
the third day in the hospital and shows a sinus rhythm with prolonged 
A-V conduction. The P-R interval is 0.24 sec. The P-waves are 
upright in the first two leads and partly inverted in Lead III. The 
ventricular rate is 96. The QRS complexes are somewhat wider than 
normal measuring 0.13 sec., but this may he partly discounted by the 
fact that the patient had a very high skin resistance. R a and R, are 
notched. T x is inverted, while T, and T 3 are upright. There is a 
slight reciprocal displacement of the S-T interval in the first and third 



Fig-. 5. — Case 3. Leads I, II, and III. Nine days before death. 


leads. As the jiatient was not receiving digitalis, it was thought that the 
record was definitely indicative of myocardial damage (Fig. 5). 

The second record, taken just before clinical deatli of the patient, be- 
gins with a series of P-waves, irregularly spaced, and without any 
ventricular response. These are succeeded by a short run of bizarre 
ventricular complexes, varying in form and amplitude until a slight 
irregularity of rhythm (Fig. 6 A). During this phase, no definite P- 
waves are to be found. Then P-waves reappear and are seen among 
the varying ventricular complexes, but complete dissociation between 
auricles and ventricles apparently exists (Fig. 6 B). At this point, all 
evidence of ventricular activity' ceases, and for the space of about half 
a minute, nothing can be seen except irregularly spaced P-waves which 
have become inverted (Fig. 6 C). At the conclusion of the record, 
several bizarre ventricular complexes appear, all evidence of auricular 
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activity ceases, and the record ends with a regular series of ventricular 
complexes with deeply inverted T-wavos, and a gradual change in the 
form of QltS (Fig. 6 D). The record ended approximately one to two 
minutes before the clinical death of the patient. 

Cask 4. D. >T. was a 45-year-ol<l housewife with mitral stenosis of long-stand- 

ing, who entered the hospital for the second time because of cardiac insufficiency. 
Daring the two weeks before death, her course was one of progressive failure. She 
had a persistent slight fever but the heartbeat was slow and regular. An autopsy 
was not performed. 



Rig- G — Case 3. About two minutes before clinical (tenth. A. Head I. B, Head I. 

C. Head 31. I), Head III. 


Discussion of th c Electrocardiograms. — The first electrocardiogram 
y as taken four months before her death during her first admission to the 
hospital. It was characterized by marked “low voltage,” a rapid rate, 
tight ventricular preponderance, and showed in addition an inversion 
of tlie T-wave in Lead III. In subsequent records the rate was slower 
and the voltage within normal limits. This was the case in the record 
Liven at the time of her second admission two weeks before death, 
he only additional finding at this time was that T., as well as T 3 , had 


become 


inverted (Fig. 7). 


J^ lc llex t electrocardiogram was started one to two minutes before 
finical death. Marked irregularity of the sinus node is present. The 
-naves are inconspicuous in the first lead but prominent and upright 
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in Leads II and III. The A-V conduction time is slightly prolonged. 
The intraventricular conduction time is 0.16 seconds and the ventricular 
complexes are bizarre in form, giving the picture commonly ascribed 
to block of the left bundle branch (Fig. 8). 




The final record, taken during clinical death, shows a series of beats 
arranged in pairs resembling those in the previous Lead II. Occasional 
P-waves occur and are followed by ventricular complexes. These aie 
scon in Fig. 9 A. In these sequences the P-R interval is 0.18 to 0.28 
seconds. 
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The record was resumed after the lapse of a few seconds. All evidence 
of ventricular activity has disappeared. A few slight deflections from 
the base line are seen (Fig. 9 2?). They probably represent auricular 
contractions. The rhythm is extremely irregular. Eventually all evi- 
dence of electrical activity ceases (Fig. 9 C). 

Case 5. — J. B. a 66-ycar-old white man had had increasing congestive heart 
failure for a year before admission. He was brought into the hospital in a mori- 
bund condition and died the day after admission. 

Discussion of the Electrocardiograms . — The first record was taken 
about twenty-four hours before the death of the patient. It shows a 
sinus tachycardia with a rate of 120. Large numbers of auricular and 




I'ig. 9.— -Case 4. A, Lead II. Approximately during’ clinical death. B, Lead II. 
tew seconds after the preceding. C, Lead II. End of cardiac activity. 


A 


nodal extrasystoles are present. The P-R interval is 0.12-0.14 sec. 
There is partial inversion of T x , while T 2 is iso-electric (Fig. 10). 

Additional electrocardiograms were taken on the day of the patient’s 
death which occurred at 3 -.00 p.m. Records were taken at 10 :41 a.m., 
10:47 a.m., 11:04 a.m., 11:45 a.m., 1:25 p.m., 1:35 P.M., and 2:15 p.m. 

These all resemble the record of the previous day. The rate remains 
( a lhd, occasional auricular extrasystoles are seen, and there is no change 
ln volta S c or in conduction (Fig'. 11 A). 

The next electrocardiogram was begun at 2:55 p.m. which was five 
miJ iutes before clinical death. In the forty minutes sinee the previous 
11°°*^ 1>ate ilaS ^ ecome TOUch slower — about, 70 per minute (Fig. 

)■ The rhythm is regular and the sino-auricular node continues 
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Fip. 11.— Case 5. Lead II. A, Taken at 2:15 F.M., about forty-five minutes before 
death, B, Four to five minutes before death. C, One minute after death. D. I*-na 
cardiac activity. 
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as the pacemaker. The P-R interval is still about 0.14 sec. Rare 
auricular extrasystolcs are seen. At about this time clinical death 
occurred. • 

The record (Lead II) was resumed about a minute after death. The 
rate has now fallen to forty at the beginning of the record and grows 
gradually slower within the space of about ten seconds (Pig. 11 C). 
The P -waves at the beginning are upright. The conduction time is 0.24 
sec. The R-wave is slurred, and the T-wave is inverted. As the rate 
slows, the P-wavcs diminish in amplitude and there seems to be a 
lengthening of the P-R interval, although this is very difficult to 
measure. Gradual slowing of the rate continues. Finally, after a 
series of beats coming quite regularly about three seconds apart, the 
heart stops beating for seventeen seconds, whereupon a single bizarre 
complex, probably of ventricular origin, is seen. Another pause of three 
or four seconds occurs, and cardiac activity is terminated by another 
bizarre complex (Fig. 11 D). 


DISCUSSION 


Electrocardiographic observations on the death of the human heart 
have been reported in sixty-five cases. To these the present series of 
five cases is added bringing the total to seventy. The three cases re- 
ported by Roluner, 2 the twenty mentioned by Scliellong,® and two of 
the six included in AVillius’ paper 7 are not susceptible to anal} r sis be- 
cause of insufficient data. This leaves forty-five cases that are reported 
in considerable detail. 


There is a great variation in the mechanism of death of the human 
heart. This is the predominant impression that is to be gathered from 
a review of the cases reported in the literature. A conspicuous slowing 
of rate just before death is probably the most common finding. This is 
often associated with a change from normal sinus rhythm to an A-Y 
nodal rhythm, but may occur without a change in the site of impulse 
formation. Marked slowing appeared in at least 70 per cent of the 
reported cases in which enough of the pertinent details were included. 
This figure is probably too conservative and would be larger if more 
ata were given in the remainder of the cases. An excellent illustration 
of tins decrease in rate is afforded by Case 5 in our series. Of nearly 
10 lSamc Incidence (70 per cent) is the establishment of an A-Y nodal 
01 an idioventricular rhythm. However, aside from the slowing of the 
!atc and the appearance of an A-Y nodal rhythm, no other mechanism 
oceius sufficiently often to be predicted in a given case. 

f is a common belief that ventricular fibrillation is the terminal 
Ij 60 majority of cases but this is not borne out by the elec- 

v ° Cai . i°§ Ta phic evidence. In about 20 per cent of forty -five cases 
cases 1Cll ^ ai '. ^’illation was the terminal event. In at least four other 
ventricular fibrillation was noted as a transient phenomenon. One 
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reason for the comparative infrequency of this finding may well he 
the fact that patients with ventricular fibrillation probably die suddenly 
in the majority of instances, whereas it is the cases with more gradual 
death that are susceptible to graphic study. 

The age of the patient seems to play no part in determining the type 
of mechanism of the dying heart. Among the forty-five cases analyzed 
the age range is from nine months to eighty years. About 55 per cent 
were under forty years of age at the time of death. This group differed 
in no wise from the older patients in the types of terminal mechanisms 
recorded. From the data given, twenty of the forty-five patients may 
be classified as cardiac eases while the remaining twenty -five individuals 
died of causes other than heart disease. The mechanism of death in the 
two groups, divided on this basis, again shows no apparent difference. 
These facts have already been pointed out by Willius. 11 In other words, 
so far as the electrocardiographic manifestations during clinical death 
are concerned, it makes no difference whether the case be one of a 
child dying as the result of a pneumonia, or an old man dying because 
of a failing myocardium. 

In order to make clinical application of our knowledge concerning 
the mode of cardiac death it is important not only to be able to 
recognize significant changes in the cardiac mechanism when they ap- 
pear, but also to find these changes sufficiently in advance of death to 
afford an opportunity to apply therapeutic measures. An electrocardio- 
gram is not needed to predict the death of the patient. It was obvious 
clinically, in most of the cases that have been reported, that the patient 
was dying, and therapeutic measures had been instituted before the 
electrocardiograplier arrived to record the beats of the dying heart. 
In a few reported cases it is possible to determine the time before death 
when significant electrocardiographic findings were noted. Usually we 
are told that “just before the patient died” certain changes appeared. 
In most instances, therefore, these changes seem to precede clinical 
death by only a few minutes. This is illustrated in the series reported 
by Martini and Sckell 10 who kept careful records of time relationships. 
In their first case, for example, tachycardia persisted up to five minutes 
before clinical death. Again, in the fifth case of the same series, the 
graphic records showed a tachycardia from four to six minutes before 
death with an A-Y nodal rhythm appearing only a minute and a half 
ante mortem- In the fifth case in our series it was apparent that the 
patient was in- extremis for nearly twenty-four hours. During the last 
five hours, death was expected momentarily. Yet the electrocardiogram 
did not show important changes until five minutes before clinical death. 
Hence it seems that the graphic record is of academic rather than of 
practical interest. Significant changes in the electrocardiograms ap- 
pear so little ahead of death that the patient is usually dead before the 
film is developed. 
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. SUMMARY 

Sixty-five cases of electrocardiographic studies of the dying human 
heart reported in the literature are reviewed and five additional cases 
are recorded. Conspicuous slowing of the heart rate is the most, fre- 
quent. change in the mechanism of the heart which immediately precedes 
death. It has been found in over 70 per cent of the cases. Next, in 
frequency is the appearance of an A-V nodal rhythm or an idioventric- 
ular rhythm. It is impossible to differentiate between the mechanism of 
cardiac death in patients with or without, heart, disease. The age of the 
patient likewise docs not determine the manner in which the heart dies. 
Electrocardiographic studies of the dying human heart are, for the 
present at least, solely of academic value, as significant changes appear 
in the record only a very few minutes before clinical death. 
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VENTRICULAR FIBRILLATION WITH CARDIAC RECOVERY, 
CAUSED BY CAROTID SINUS PRESSURE, IN A CASE 
OF AURICULAR FIBRILLATION® 


Charles Shookhoff, M.D. 

Brooklyn - , New York 

V 7UIILE there are relatively few recorded clinical cases of ven- 
tricular fibrillation, this arrhythmia is often mentioned as the 
cause of death in various types of disease ; electrocution, coronary dis- 
ease, chloroform poisoning, auricular fibrillation, paroxysmal tachy- 
cardia, other types of arrhythmia, etc. II. E. Bering, 1 drawing infer- 
ences from the frequent sudden death of experimental animals due to 
ventricular fibrillation, believes this arrhythmia a. cause of death in 
patients who die suddenly aud in whom, on pathological examination, 
no significant abnormalities are found. 

Several eases of ventricular fibrillation with cardiac recovery have 
been recorded and reported bj^ Kerr and Bender, 2 Levine and Matton, 3 
De Boer, 4 Robinson and Bredeelc, 3 Hoffmann, 6 and Dock. 7 

The case reported below is of interest not only because an electro- 
cardiographic curve was obtained which is interpreted as being ven- 
tricular fibrillation, but because this arrhythmia occurred while doing 
a carotid sinus pressure test. The onset and cardiac recovery are 
recorded. 

Czermak® in 1866 described a slowing of the pulse rate caused by 
pressure over the right carotid artery and attributed this effect to a 
direct mechanical stimulation of the vagus. Ilering, 0 in his epoch- 
making reseai'ches, showed that the slowing of the cardiac rate and 
fall in systemic blood pressure are caused by pressure upon, or in- 
creased pressure within, the carotid sinus, a fusiform dilatation of the 
first portion of the internal carotid artery as it leaves the common 
carotid artery. He demonstrated that the sinus nerve, a branch of the 
glossopharyngeal, inervating the carotid sinus, is the pathway for 
reflexes causing the heart rate and blood pressure changes. De Cas- 
tro V° anatomical studies have corroborated Ilering ’s conception of 
the inervation of the carotid sinus. He demonstrated that nerve fila- 
ments found in the sinus portion of the internal carotid artery only, 
joined nerve filaments arising in the carotid body, to make the inter- 
carotid nerve of De Castro (sensory) which enters the central nervous 
system principally through the ninth cranial nerve and to some extent 
through the vagal root ganglion. 

•Department of Cardiology; the Jewish Hospital of Brooklyn. 
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Wenckebach lias for many years used the “ Vagusdruckversucli” in 
clinical medicine. The recent researches of C. Reymans 11 - 12> 13 and 
his coworkers, however, instigated by Ilering’s observations showing 
the importance of the influence of carotid sinus and depressor reflexes, 
rather than cerebral blood pressure changes, upon blood pressure, car- 
diac rate and control of adrenalin secretion, foreshadow changes in 
our concept of those diseases which cause, or are caused by, changes 
in blood pressure, cardiac rate and adrenal secretion. These studies 
are bringing the carotid sinus pressure test into more general clinical 
use. 

During the course of a study on the clinical significance of the vari- 
ous types of reaction to carotid sinus pressure, many interesting elec- 
trocardiographic tracings were obtained by us. The electrocardio- 
graphic curves described below were recorded, while doing carotid 
sinus pressure tests, from a patient with severe myocardial disease and 
auricular fibrillation with a slow ventricular rate. 


CASE REPORT 


G. R. Mole; aged 5S years; business man; born in the United States. Date of 
examination, November 20, 1030. 

Family History. — Mother died at the age of 54 years, apoplexy; father died at 
the age of GO years, heart trouble. One brother and one sister died in early adult 
life of pulmonary tuberculosis; two sisters and two brothers are well. 

Past History. — Whooping cough; diphtheria; scarlet, fever. No history of rheu- 
matic fever or any of its manifestations. Married. Wife has four children; no 
miscarriages. Pneumonia at 31 years and typhoid fever at 35 years. Has had 
attacks of migraine and cxtrasystolic sensations since childhood. Venereal disease 
denied. 

Present History. — Since the spring of 1930 patient has had signs and symptoms 
of cardiac impairment, dyspnea on exertion, swelling of the ankles, and subse- 
quently nocturia and slight nocturnal dyspneic attacks. For the past six months 
he complains of a sense of constriction and pressure in his chest, radiating to the 
hack, on walking. He had been told one year ago that he had high blood pressure. 
"^Physical Examination . — Moderately well nourished male. Weight 174 lb.; height 
,0 m. Eyes react to light, and accommodation. Eye grounds show retinal vessel 
seleiosis. Teeth — many extracted; pyorrhea alveolaris. No thyroid gland ab- 
normalities. Chest — emphysematous; slight lateral curvatuie of the spine; oc- 
casional rales at both bases which clear up on deep breathing ; no sacral edema, 
emporal vessels tortuous and the walls palpable; radial vessel walls definitely 
uc'ened; brachial-vessel pulsations are visible. Heart — aortic configuration; left 
lentricle enlarged almost to the anterior axillary line; basilar vessel line is widened 
est 16 ’ ' ,G ^' ls au auricular fibrillation with a slow ventricular rate. The liigli- 

pressure was ISO and the lowest diastolic was 100 mm. Hg. A short 
soimd'g ^ S ^°^ C murmur is heard at the apex ; A-2 accentuated and musical ; heart 
l)elo\- S ff° 0r * n ^* s ^nct. Abdomen — rather prominent; liver enlarged two fingers 
wise" 10 C0Stal lvmr gin. No fluid. Marked edema of the ankles, extremities otlier- 
ent p 1 ' 1 ' 1 ' 1 ! ’ ie ^ exes normal. Dorsalis pedis and posterior tibial pulsations pres- 
car ^ia c ar0tld shlus pressure on either the right or the left side causes a complete 
cons - s ^ anc ^ s ^H during which time patient becomes extremely dizzy but not un- 


c °nscions. At 


one time, however, he became bewildered for a short period. Fluoros- 
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copy:— Showed an aortic configuration with a very large left ventricle, a prominent 
aortic knob and a tortuous aorta; eostoplirenic sinuses are clear. Wassernmnn 
negative; uranalysis— trace of albumin, no sugar, specific gravity 1,020, urobilinogen 
present; blood chemistry normal. 

Diagnosis. Essential hypertension ; coronary vessel sclerosis; myofibrosis cordis; 
cardiac decompensation; retinal and radial vessel sclerosis; auricular fibrillation; 
chronic bronchitis and emphysema. 

Subsequent Bistory . — Patient improved on rest, cardiac tonics and diuretics. Has 
had no subsequent attacks and is up and about at the time of this report. 

Electrocardiographic Studies.— (Taken on tlie day of examination.) 
Fig. 1 shows an auricular fibrillation with an average ventricular rate 
of 66. Left axis deviation. In Lead I the R-T interval is depressed 



Fig- 1.— Auricular fibrillation, average ventricular rate 66. T-wave changes and 
slurring; of the main deflections indicative of myocardial involvement. 


below the isoelectric line. In Leads II and III the T-waves are iso- 
electric. The main deflections in all leads are slightly slurred. 

Bcaction to Carotid Sheath Pressure. — Fig. 2 (Lead III) shows the 
effect, of left carotid sinus pressure. An absence of supraventricular 
complexes for a period of 8.68 seconds is noted. This period is inter- 
rupted by two aberrant ventricular complexes, one coming after a 
period of cardiac inactivity of 2.92 seconds and the other one follow- 
ing after 3.6S seconds. The aberrant ventricular complexes may be 
either right bundle-branch block or, more likely, ventricular extrasys- 
toles. In the long periods of ventricular inactivity there is no change 
in conformation of the isoelectric line. 

Fig. 3 (Lead III) was obtained as pressure was exerted fipon the 
right carotid sinus. The S-wave is of low voltage and is the main de- 
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flection; auricular fibrillation is present. Carotid sinus pressure is 
made at the arrow; almost immediately following is a series ol! irregu- 
lar movements of the isoelectric line at slightly varying rates, approxi- 
mately 225 per minute. The first few complexes look like aberrant 
ventricular beats (A-l>) and are similar in shape and direction to 
cxtrnsystoles arising at the base of the ventricle. Then follows a 
period (ll-(’) of irregular movements of the isoelectric line showing 
no definite ventricular conformations. 'Phis is subsequently followed 
by a series of regular undulations of wider amplitude (C-D) and 
similar in shape and direction to extrasystoles arising at the apex of 
the left ventricle. A return to the original status, auricular fibrilla- 
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ventrfA.T.' T les(; , iin: continuous strips of Komi HI showing long pauses anil aberrant 
betuvnn ’ con nuexes caused by pressure on the left carotid sinus (arrow). Time 
flbprr.no ■'pooiventrieular beats "A" and “D” is S.GS seconds; between "A" and 
"C" la 9 ' cn U'ic»dar beat **B" is 2.02 seconds, and between "it" and aberrant beat 
^.os seconds. 


bon, is now seen. This period of irregularity extends over a period 
0 8.68 seconds. Occasional complexes are seen which appear to be 
.■Unis beats (S). These complexes are not preceded or followed by 
Pauses. No isoelectric period is seen in the tracing from “A” to “D.” 
uiing this time the patient became very dizzy, was bewildered for 
e " Sec °utls and then became normal again. 


DISCUSSION 

ansv^ 1 °^ e1 ' c ^ scviss ' cm ail d evaluation of the above findings necessitate 
caiis eim ° ^°^ ow ing questions: 1. Does carotid sinus pressure 
0a lG ^ ox vagal stimulation? 2. Does carotid sinus pressure cause 
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ventricular rate changes in auricular fibrillation, since in this arrhyth- 
mia the sinus is not the pacemaker? 3. What effect, has vagal stimu- 
lation upon lower automatic centers in ventricular musculature? 4. 
Does Pig. 3 represent ventricular fibrillation? 

1. Iiering’s ancl Reymans’ investigations, as well as De Castro’s 
anatomical studies, have shown that compression of the carotid sinus 
causes a reflex vagal stimulation. 

2. Kronccker and Spallitta. 14 in 1905, showed, in animals, that vagal 
stimulation slows the ventricular rate during auricular fibrillation. 
Robinson, 15 Pahrenkamp, 10 and Semerau, 17 and others have caused a 
ventricular slowing in patients with auricular fibrillation by pressure 
on the carotid sheath. Boas 18 by means of his tachometer, has shown 
that the ventricular rate in patients with auricular fibrillation is influ- 
enced by the same factors which influence ventricular rates in normal 
individuals, i.e., rest, sleep, excitement, etc. The slowing of the ven- 
tricular rate by carotid sinus pressure is due to the reflex stimulation 
of that part of the vagal mechanism which has its preponderant influ- 
ence upon the A-Y connecting system. By depressing the conductivity 
of the bundle it decreases the number of impulses conducted to the 
ventricle. Changes in cardiac rate in normal individuals are depend- 
ent upon changes in tone of the vagus and sympathetic which control 
the rate of impulse formation in the sinus. 

3. While fibers of the sympathetic system are known to exist in all 
parts of the heart muscle, definite proof of the presence of vagus fibers 
in the ventricular musculature has not been forthcoming. Drury 19 has 
shown that vagal stimulation does not decrease the refractory period 
of ventricular musculature in experimental animals, and Lewis 20 states 
that the vagus has little effect on ventricular musculature. Rothberger 
and Winterberg 21 have shown that the fibrillation rate in the ventricle 


is not influenced by vagal stimulation. 

On the other hand, both Hering 1 and Winterberg 22 were of the opin- 

1011 ^at stimulation of the vagus caused lower ventricular centers to 

become hyper-irritable only indirectly ; that its action was that of fur- 

theiing only the occurrence of these arrhythmias. Hering 1 maintains 

that vagal stimulation depresses the force of ventricular contractions 

as veil as conduction through ventricular musculature. 

eiing 1 further states that not only electrical vagal stimulation, but 

^a b al stimulation by breathing, etc., reflexly from the carotid sinus, 

m m ucous membranes, etc., have the same influence upon ventricu- 

^ai musculature. Smith and Moody 23 reported cases in which prema- 

, le e 011 tractions an d idioventricular rhythms were induced by forced 
'"'eathing. 

ICuoll . in 1897 caused all sorts of ventricular arrhythmias by vagal 
hea at *° U ’ * nc ^ uc ^ u g ventricular fibrillation, in curarized rabbit 
s - Rothberger and Winterberg 21 have, by vagal stimulation, 
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caused similar arrhythmias in dogs and cats which were previously 
administered barium chloride, chloroform and other drugs. Seherf 28 
by. stimulating the right vagus, caused many ventricular extrasystoles 
and ether aberrant ventricular arrhythmias in dogs to whom aconitine 
had been administered. 

Kisch 26 in 1921 produced in animals a greater tendency to hetero- 
topic ventricular arrhythmias by clamping both carotids. Many ec- 
topic ventricular rhythms have been recorded by us (to be reported) 
and by others while doing the carotid sinus pressure test. It is found 
that these arrhythmias occur more readily in patients who have se- 
verely damaged ventricular musculature. Digitalis causes idioven- 
tricular rhythms, especially in persons with diseased heart muscle. 
Latent bigeminal rhythms in well digitalized patients are sometimes 
brought out by carotid sinus pressure. 

All these data seem to justify the impression that while normal 
ventricular musculature appears not to respond to vagal stimulation, 
diseased ventricular musculature, diseased by whatever cause, does 
respond to such stimulation by all sorts of ectopic idioventricular 
rhythms. 

Braun and Samet 27 have shown that the effect of carotid sinus pres- 
sure, was markedly increased in cats, when branches, particularly of 
the left coronary arterial system, were tied. 

It seems that a vicious circle is established in patients with severe 
myocardial disease, for not only does diseased ventricular musculature 
respond by the occurrence of idioventricular rhythms to vagal stimu- 
lation, but, as Braun and Samet have shown, and as has been noticed 
in the clinic, damage of ventricular musculature increases the irrita- 
bility of the vagus. 

4. The curves of ventricular fibrillation recorded, obtained both 
from experimental animals and human beings, are of various types. 
They seem to have the same relationship to each other, as do the vari- 
ous types of the auricular circuit movement arrhythmias, i.e., auricu- 
lar flutter, with its regular auricular contractions at the rates of ap- 
proximately 300 per minute; impure flutter or coarse fibrillation at 
higher and irregular auricular rates; and auricular fibrillation with 
its very high fibrillation rate, marked irregularity, dilatation of the 
auricle, and failure of coordinated auricular contractions. De Boer 1 
and Rothberger and Winterberg 31 have described these various types 
of ventricular fibrillation. Lewis 30 has described various stages oi 
ventricular fibrillation in experimental animals. The early stage oi 
frequent, premature ventricular contractions, followed by the .stage of 
more or less regular movements of the isoelectric line (up to this time 
no dilatation of the ventricle has taken place), and finally tremen- 
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dously increased irregular ventricular circuit movement rates with a 
dilatation of the ventricle and an absence of coordinated ventricular 


contractions. 

It seems to us that the curves of ventricular fibrillation described as 
flutter and impure flutter are really aborted stages of what ultimately 
might have been that stage of ventricular fibrillation which parallels 
auricular fibrillation. These stages or aborted types, if we may use 
that term, are exemplified by the following curves — the flutter stage or 
type, by Kerr and Bender’s 2 first portion of Pig. 8; Dock’s 7 curves, 
Pig. 2; De Boer’s 4 and Hoffmann’s, 0 etc.; and the impure flutter stage, 
by our Fig. 3. The fibrillation stage is exemplified by Kerr and Ben- 
der’s 2 Pig. 9. Lewis characterizes Hoffmann’s tracing and others like 
it as potential ventricular fibrillation. 

In the auricular-circuit-movement arrhythmias transition from one 
type to another are not infrequent, particularly when quinine or digi- 
talis has been given. There seems to be a greater tendency of transi- 
tion from one stage or type to another in the ventricular circuit 
movement arrhythmias. 

Pig. 3, at the onset (A-B) and toward the end (C-D), is similar to 
Dock’s 7 curves taken from a patient in whom syncopal attacks were 
induced by adrenalin; to De Boer’s 4 taken from a patient with com- 
plete heart-block, and which he described as ventricular flutter and 
fibrillation, showing at times a short series of ventricular aberrant 
heats; to Hoffmann’s 0 curve obtained at the end of an attack of par- 
oxysmal tachycardia before the establishment of a sinus rhythm, 
which he called ventricular fibrillation and which Lewis calls potential 


ventricular fibrillation; and to the curves of Rothberger and Winter- 
berg s- 1 Plate V, Fig. 13-a, obtained from a dog. For a short distance 
(B-C) in our curve, the rapid irregular undulations of the isoelectric 
hue are different from those seen in parts of the curve A-B and C-D. 
This part (B-C) of Fig. 3 is similar to Halsey’s 28 curve obtained from 


a P'Aient dying of pneumonia. 

-his arrhythmia begins with ventricular aberrant beats immedi- 
ately following carotid sinus pressure, goes into a ventricular circuit 
ffloiement, returns again to aberrant ventricular coordinated beats 
aad then to the previous status. We think that this curve represents 
actnity in the ventricle which parallels the auricular arrhythmia 
ca ed impure flutter or coarse fibrillation in the auricle. It repre- 
SG ” ts an aborted ventricular fibrillation. 

j.] * Seenis that this patient had all the possible factors necessary for 
j a occurrence of an ectopic ventricular arrhythmia. He had suf- 
1 ? c - ^ 0Jn migraine and had extrasystoles for many years; thus sup- 
^ le Possible developmental factor. Wittgenstein 29 believes that 
ind' 0CCllllenCe a ^ erran t rhythms, paroxysmal tachycardias, is an 
cation of an exudative diathesis. Patient developed a myofibrosis 
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cordis, supplying the myocardial disease factor, and an auricular 
fibrillation with a slow ventricular rate, not dependent upon digita- 
lis — indicating some degree of organic A-V block — supplying the fac- 
tor that Davis and Sprague 30 believe necessary for the occurrence of 
aberrant ventricular circuit movement rhythms. 

All these underlying factors being present, carotid sinus pressure 
stimulating a vagal system made hyper-irritable by diseased ventricu- 
lar musculature caused the aborted ventricular fibrillation. 

SUMMARY 

The occurrence of a ventricular fibrillation upon carotid sinus pres- 
sure with spontaneous cardiac recovery is reported in a patient with 
auricular fibrillation, who had signs and symptoms of severe myocar- 
dial degeneration. 

The newer physiology of the carotid sinus pressure test and its re- 
lationship to clinical medicine are brieflj’- mentioned. The pathological 
physiology of ventricular-rate changes by vagal stimulation in auricu- 
lar fibrillation is described and the effect of vagal stimulation upon 
lower automatic centers in ventricular musculature is discussed. 

It is suggested that the occurrence of ventricular fibrillation in this 
patient is additional evidence in support of the concept that vagal 
stimulation, from whatever cause, will produce idioventricular ar- 
rhythmias in diseased ventricular musculature. 
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INTRODUCTION 

T HE x-ray appearance of the tortuous aorta is well known. In 
the anteroposterior view the supra cardiac shadow is widened on 
both sides. The intersection between the right auricular border and 
the ascending portion of the aorta is rather low. The latter is more 
prominent, its outline being more curved than usual. On the left, the 
aortic knob is highly situated and prominent. Its shape and size de- 
pend upon the further course of the descending aorta; this vessel may 
be situated anteriorly to the vertebral bodies or more to their left. In 
the latter case, the descending aorta is unusually well visualized and 
may disappear behind the heart shadow in the region of the auriculo- 
ventricular junction and not as usually within the conus pulmonalis. 
The outline of this descending vessel is either straight or slightly 
curved, the convexity being directed to the left. In films taken with 
higher voltage and sufficient exposure or in films where the Potter- 
Bucky diaphragm is used, the shadow of the descending aorta is eas- 
ily seen through the heart shadow and is always seen partly to the 
left of the midline. In the left anterior oblique position the entire 
loop of the aorta is seen, and the type of curve resembles rather more 
that of a circle than that of an ellipse or of an even more sharply 
kinked curve as we see it in normal conditions, but the circumference 
of the curve always remains smoothly outlined. In the right anterior 
oblique position there is no very characteristic picture, part of the 
descending aorta or sometimes the entire vessel being seen within the 
retroeardiac space. This type of aorta is found usually, although not 
always, in old people and in patients with arteriosclerosis and hyper- 
tension. 

CASE REPORTS 

In the following four cases of arteriosclerosis an unusual course of 
the descending aorta has been observed. 

Cask 1 . — The first ease, Massachusetts General Hospital, X-ray No. OO.'ilO, .Tunc 
-0, l'.'UT, was a carpenter, 00 years of age. He had suffered for years from an 
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arthritic condition of the knee. There were no other complaints. The Wasser- 
mann rea ction was repeatedly positive. X-ray examination showed definite calcifica- 
ation of the popliteal artery on each side. The caliber of the left popliteal artery 
ivas about three times the normal— probably due to an aneurysm. Clinical examina- 
tion revealed essentially normal heart findings. The aortic second sound was ac- 
centuated. The blood pressure was 160 millimeters of mercury systolic and 95 
millimeters diastolic. 



Figure l'FRjoejt^enojrarrv f arrferqposfei'ior bieui, (Fasel. 


An x-ray film of the chest, anteroposterior view (Fig. 1), showed 
leheait to be normal in size and shape (transverse diameter 11 cm., 
^ einal diameter of chest 25.5 cm.). The supracardiac shadow was 
1h “ vC „ dl3 enlarged, measuring 10.7 cm. The aortic knob was liigli to 
me r° •^'^ C d6SCendi ^ a01 ‘ta turned in its course sharply toward the 
into t) 11 eon t°ur being well seen, crossing the vertebrae 

hiedi nV Its contour can be followed downward and 
> to disappear within the right auricular shadow. In the right 
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anterior oblique view (Fig. 2) the trachea is seen to be displaced for- 
ward at the height of the aortic ai*ch. 

It is obvious that the aoi*tie shadow seen in the anteroposterior view 
in the right lung field was caused by the descending aorta. This ves- 
sel shows a marked S-like curve directed posteriorly and to the right 



*l^ureZ~Roenfyenojr<zm. riyfd: anterior olligue Vieu). Gasel. 


in its upper part and forward and to the left in its lower part. ! lie 
anterior and posterior portions are well visualized. The distinctness 
of the shadow makes it possible to establish a correct measurement of 
the width of the aorta: 5 cm. for the upper portion and 4 cm. lor the 
lower. The right oblique view shows no shadow of the descending 
aorta overlying the vertebrae. Anteriorly in this view, the normal 
rather fiat curved border of the ascending aorta is seen, the coin sc 
of the aortic vessel can therefore be described as follows: The ascend- 
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hirr aor ta and arch are relatively normal. The descending aorta 
crosses the midline, thus displacing the trachea forward, bulges 
broadly into the posterior right lung field, and returns behind the 
heart to the midline. 

Two findings are remarkable. First, the displacement of the tra- 
chea anteriorly has been known up to the present to occur with one 




P^ure 3 ’\R.oentpenoymm, anferoposberiori/ieu). Case 2. 


°t lei condition only, namely, the right sided aortic arch. With that 
congenital anomaly, the aortic arch turns behind the trachea and 

hav^l^ US ^' e ^ ie nhdline. All cases of that anomaly which 

aie een studied, however, have shown a very characteristic finding, 

p. G f seuee ^ le aortic knob on the left and a displacement of the 
find' le <r *-° ^ 1G ^ le of the aortic arch. Neither of these 

! UteS ls P resen t in our case. Therefore, the diagnosis of this anom- 
ah has to be discarded. 
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Second, the degree of curvature of the descending aorta is striking. 
One must assume that the left intercostal arteries have undergone a 
considerable lengthening. In using only the anterior view one might 
be tempted to diagnose an aneurysm of the ascending portion of the 
aorta. The best explanation for the abnormal course of the aorta is 




the conception that the vessel has become too long between its tno 
points of fixation, the heart and the diaphragm. We know that the 
process of arteriosclerosis affects chiefly the descending portion of the 
aorta. Syphilis, though present in this case, cannot account for the 
aortic anomaly. 


Case 2. — The second ease, Massachusetts General Hospital, X-ray Xo. 1327->f, 
January 20, 1031, was a inale, Cl years old, who worked as a butler. Fourteen 
years before, a diagnosis of early tabes was made. The 'Wasscrmann reaction "was 
repeatedly positive. lie suffered from attacks of shooting girdle pain. There nere 
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complaints suggesting heart disease. Some years before the date noted above, 
the heart findings had been essentially negative. The only abnormal circulatory 
finding that had developed since was slight hypertension, the systolic blood pressure, 
being 160 millimeters of mercury. . 


In an x-ray of the chest, anteroposterior view (Fig. .3), the heart, 
showed an “aortic configuration” hut its size was within the limits of 




Jtigure S '~!Rx)ert^erwyi'am f anteivposterior < uieu/ l Case 


3 . 


normal (transverse diameter 13.8 cm., internal thoracic diameter 30 
cm -). The aortic shadow was moderately widened and showed calcifi- 
cation. Its course is seen through the heart shadow as it curves medi- 
a lh above the diaphragm. In the left anterior oblique view (Fig. 4) 
die descending aorta is well seen in its entire course as a rather dense 
band of about 3.7 cm. in diameter. Its upper two-thirds are directed 
downward and slightly backward, its lower third markedly forward, 
thus forming a kink. In the anteroposterior view only, it would be 
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difficult to differentiate this abnormality from a fusiform aneurysm 
of the lower portion of the descending- aorta, an appearance which the 
oblique view conclusively demonstrates as being due to the wide 
course of the aorta. This aortic deformity is explained by elongation 
of the aorta, so that kinking is necessary to allow it to fit into the 



>■*£?* 
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thorax. Atherosclerosis causes such elongation; luetic aortitis maj 01 
may not be a factor underlying the atherosclerosis. 

Cask 3. — The third case, Massachusetts General Hospital, X-ray No. 1805 1~, 
December 13, 1030, rvas a male, 50 years old, who worked as a carpenter. 1 or six 
months he had been suffering from headache, vertigo, and transitory scotomas. 
The heart was slightly enlarged to the left. The aortic second sound was ac- 
centuated. The blood pressure rvas 220 mm. mercury systolic and IIS mm. ilinsto ic, 
later 170 mm. systolic and 00 mm. diastolic. The Wassermann reaction was nega- 
tive. The radial and brachial arteries were tortuous. There were no clinical signs 
of coarctation of the aorta. The diagnosis was essential hypertension. 
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In an x-ray film of tlie cliest, anteroposterior view (Fig. 5), the 
heart shows an aortic configuration and moderate enlargement (trans- 
verse diameter 16 cm., internal thoracic diameter 30.7 cm.). The aor- 
tic knob is prominent. The left border of the descending aorta below 
the aortic knob bulges considerably. Below the level of the left bron- 




f^ure 7~ffioea&ienogrcuji, anteroposterior l/ieiv. dase-fc 


o uis within the heart shadow, there is a definite indentation. In the 
e t anterior oblique view (Fig. 6) at the upper portion of the descend- 
1U& aor ^ a beloAv the arch, the outer border of the aortic shadow shows 
' l la ' i! ^ ve d indentation, the course of the entire vessel undergoing a 
bord 611 C ^ an ^ e * n direction. In the absence of a well defined anterior 
ei m almost the entire course of the aorta, no measurement can 

borde^ 5 ^ U ^ 01 ' 3 distance above the diaphragm where the anterior 
son 1 T 1S1 '^ e ' ^ le aoi ’l a shows narrowing in its downward course and 
e ca cifieation is seen. In this case, the indentation below the aortic 
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arcli best seen in tlie oblique view might suggest a real narrowing such 
as is present in coarctation of the aorta. The lower margins of the 
posterior ribs, however, do not show the erosions seen in this disease 
and no clinical evidence of this anomaly is present. As the inner and 
anterior contour, of the lower portion of the descending aorta could 




’figure 8 '■’jfoentgenogi 'am, left anterior oLliyue View. (%se 4. 


not be visualized, dilatation cannot be excluded, but clinically and 
serologically no evidence of luetic aortitis or aneurysm was present. 


Cask 4. The fourth ease, Baker Memorial, Massachusetts General Hospital, 
^•ra\ ^o. 2170, March 10, 103], was a woman ;10 years old with osteomalacia. 
There had been a definite history of dietary insufficiency for a period of years. 

parathyroid tumor was found. Her symptoms and signs consisted of pain in 
the back and hips with definite tenderness along the ribs and crests of the ilia 
nifh dorsal kyphosis. The Hinton (Wassermann) reaction was negative. The renal 
fum tion test was normal. The nonprotein nitrogen in the blood was normal in 
-amount, but the blood phosphorus was low. The Graham test was negative. 
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Physical examination was negative except, for the condition of the bones. Her 
blood pressure was .140 mm. mercury systolic and S5 mm. diastolic. The x-ray 
finding of the kinked aorta was incidental in the course of routine examination. 

The anteroposterior view of the hear! .shadow by x-ray (Pig. 7) 
shows moderate cardiac enlargement and a curved, well visualized, 
descending thoracic aorta which can he seen in its lower portion be- 
hind the shadow of the heart. The ascending aorta is tortuous also 
and the knob is prominent. The heart is moderately enlarged and 
transverse in position. In the left anterior oblique view (Fig. 8) 
there is quite clearly visible a kink in the aorta, rather high up. just 
below the origin of the groat, thoracic vessels. The aorta can he seen 
descending to the diaphragm behind the heart shadow. 

There is no evidence of lues in this case and coarctation of the aorta 
can also be excluded. 

SUMMARY 

Four cases of arteriosclerosis, with or without hypertension or lues, 
are described in which unusual x-ray findings of the descending aorta 
were detected. One case showed the vessel .situated far out in the right 
chest. Aneurysm of the ascending aorta had to he considered in the 
differential diagnosis. Forward displacement of the trachea in this con- 
nection constitutes a new observation. 

The other three cases showed kinking in the course of the vessel: 
.differential diagnosis of aneurysm of the descending aorta and of 
coarctation of the aorta had to he considered. 

In all four cases the use of oblique views was of the greatest value. 
Abnormal lengthening of the aorta due to sclerosis and hypertension 
explains these findings. 

We are indebted to the X-ray Department of the Massachusetts General Hospital, 

r. George W. Holmes, Director, for cordial assistance in studying these cases, and 

0 r. Ailie Y. Bock for permission to record his patient, Case 4. 



THE SUBCLAVIAN PULSE IN AORTIC VALVE DISEASE® f 

Harold Feil, M.D. 

Cleveland, Ohio 

F^VEFORMITY of tlie aortic orifice has long been known to alter the 
^ character of the arterial pulse. These variations from the normal 
were first studied clinically by palpation, later by the various types 
of mechanical sphygmographs, and recently by optical registration. 
The radial pulse has been carefully studied by clinical and instru- 
mental methods and the results correlated . 1 ’ 2 The subclavian pulse 
is a more desirable source of instrumental registration because of its 
large size and its nearness to the aorta. In addition the subclavian 
pulse contour is similar to that of the aortic pulse and is relatively 
free from changes in transmission. Optical registration permits not 
only the accurate study of contour changes but also the study of the 
dynamics of the heart in various valve lesions. In this way the find- 
ings in experimentally produced valve lesions may be correlated with 
the records of clinical cases. The clinical pulse in free aortic insuffi- 
ciency may be distinguished, from the pulse modified by varying de- 
grees of stenosis. The records permit the study of the finer details of 
pulse contour and serve as an accurate check of clinical examination. 
In aortic insufficiency the water-hammer and collapsing features may 
be carefully analyzed. 

Pure aortic insufficiency induced experimentally 3 in dogs produces 
a central (aortic) pulse curve of characteristic contour. The anacrotic 
rise is steep, and systolic vibrations are often superimposed on the top 
of the curve, while the incisura is sharp and deep. The after vibra- 
tions are slight or lacking and the diastolic decline is rapid. Likewise 
the central pulse curves of experimental aortic stenosis 4 are of char- 
acteristic contour. The initial rise which is abrupt and is low on the 
anacrotic rise is followed by an incisura. The curve then rises slowly 
to its summit at the end of ejection with vibrations interrupting the 
rise. From experimental data one anticipates in free aortic insuffi- 
ciency in man the following pulse characteristics: A large pulse with 
an interrupted rapid ascent cut by vibrations near the summit; the 
incisura deep and after vibrations slight or lacking; and a rapid dias- 
tolic decline. Likewise in clinical pulse curves of patients with aortic 
insufficiency modified by moderate stenosis some evidence of an 

'From tlie Medical Clinic of Western Reserve University at City Hospital and the 
Cardiac Clinic of Mt. Sinai Hospital. Cleveland. 

_. tA hHe* - report of this work was given at the meeting of the Central Society for 
Clinical Research, November 22, 1020. 
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anacrotic incisura should be found which is not displayed by the 
curves of uncomplicated aortic insufficiency while the incisura and 
diastolic fall should be less precipitous. 


CLINICAL CASES 

Ninety-four patients with accepted evidence of aortic valve deformity 
were studied, and in twenty-two instances pathological examinations 
were subsequently made. These eases were easily divided clinically into 
three groups: (1) those with evidence of free insufficiency (caused by 
syphilitic valvulitis and by acute and subacute bacterial endocarditis), 
thirty-five eases; (2) those with less free insufficiency and modified by 
varying degrees of stenosis (caused by healed rheumatic sears), forty- 
four cases; (3) those with frank signs of aortic stenosis (caused by 
rheumatic and arteriosclerotic scarring), fifteen cases. The central 
(subclavian) pulses in these clinical types were studied by optical 



Fig. 1, — Normal subclavian pulse curves. 


registration, and comparisons were made between the records and the 
clinical data. 

1 ost-mortem examinations were made on twenty-two of the patients: 

( a ) i 11 s i x cases of rheumatic aortic insufficiency; (b) in fourteen eases 

of luetic aortic insufficiency; (c) in one case of aortic stenosis; and 

. ) * n 011e eas e of subacute bacterial endocarditis with aortic insuffi- 
ciency. 

METHOD 

r| 0U ^ S WGre ta ^ en a CU P receiver firmly placed above the 

e ^ ie clavicle, the patient lying in the scmirecumbent posi- 
c h° n ' (r ^ le digger ’s capsule was employed to inscribe the pressure 
ciu'v° eS p,loto » ra P llicalI y, with the electrocardiogram (Lead II). The 
toui' CS t' GlG t * 1Cn enpn T' e d uniformly and studied with regard to con- 
clavi U ^ llf ’l ,anees immediate clinical observations of the snb- 
a t 'tjig U f? l ^ Sa ^ on Were ma de by digital palpation. Notes were taken 
Witt fi Hne ^ le re 8>stration and comparisons of the clinical data 
tlle s Pl l ygmograius were made. 
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Representative normal records ai*e illustrated in Fig. 1. The steep 
upstroke is caused by the ejection of blood into the aorta. This ini- 
tial rapid rise completes from one-half to two-thirds of the anacrotus* 
and is followed by a more gradual rise to the top of the pulse. This 
summit may be sharp or rounded and is succeeded by a short and steep 
fall. Ejection terminates at the beginning of the ineisura when ven- 
tricular diastole begins and there occurs a reverse movement of the 
blood column toward the aortic valves as they close. Following the 
ineisura are several after vibrations which are simultaneous with the 
second sound. The curve then falls away gradually in diastole, broken 
in its descent by slight vibrations, due to the reflection of the pulse 
wave by the branching arterial tree. 



1. Pure Aortic Insufficiency .— Records were taken from pati 
with unmistakable clinical signs of free aortic insufficiency. Clini- 
cally, the radial pulse was large and typically Corrigan m qualm- 
The rise was steep, the pulse top sharp and ill-sustained, ant ie < . 
rapid. The subclavian pulse was similar in its characteristics. u • 
like these were found most frequently in aortic insufficiency due 
syphilitic pathological change and in acute and subacute 

endocarditis. . 

The recorded pulses (Fig. 2) show a sudden steep initial rise imi- 
tating one-fourtli to one-half the total height of the anaciotus 
rise succeeding this interruption is almost equally iapic an e 
nates in a sharp peak, followed by a rapid cataciotus. aiej^ 
vibrations seen on the top of the inscribed recoids. The anac 


•As pointed out by ^Vlggers, the normal subcla\ian 
erotic interruption. 

t Analysis of the curves shows that ejection causes 
sure increase during' the brief isometric period). 


pulse frequently lias this » nl1 ' 
this initial vise (not the pres- 
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interruption is found lower down on the ascent than on either nor- 
mal curves or on those of rheumatic aortic insufficiency. The bottom 
of the ineisura is found after 0.7 of the eatacrotus has been inscribed 
(in normals this figure was 0.3-0.5). The ineisura thus is deeper and 
there is little evidence of an after vibration. These curves are charac- 
teristic, and in fourteen instances the diagnosis of luetic aortic dis- 
ease was confirmed by autopsy. The lesion of syphilis as described 




SubclaUan pulse curve from patient whose aortic valve is illustrated in 

Fig. 3. 

^ Scott begins in the aorta and involves the aortic leaflets first at 
e commissures. Later, the commissures are widened, the leaflets are 
relat' 1116 /^ an< ^ ^ le * s c ^ a ted. The pathological process results in 
from 1 1] 0 3 / nUe Sufficiency of the valve, and the ejection of blood 
w>te tl 1G + Ventricle is free ancl unobstructed. It is interesting to 
aa hnal 9 ' 16 reeorc ^ s differ from those obtained by Wiggers 3 in 
curves d ' 1 ^ 1 ex ^ ei ^ m ^ n ^ a ^ a °i’tic insufficiency in that the experimental 
o flier whj 0 n0t Sll0W tlle anaerotic interruption low on tlie ascent, but 
e aie similar. Pig. 3 shows the aortic valve of a patient who 
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liacl clinical evidence of free aortic regurgitation. The subclavian 
pulse was large and the summit was rapidly reached. The top of the 
pulse was poorly sustained and the eataerotus fell away rapidly. 
Dilatation of the ring, rolling of the leaflets, and separation of the 
leaflets is seen in the photograph. Pig. 4 is the subclavian pulse curve 
recorded from this patient and illustrates graphically the examiner’s 
sensations. 



Fig-, a . — Subclavian curves from patients -with aortic regurgitation caused bv rheu- 
matic process. . 



Fig. 6. — Aortic valve distorted by rheumatic changes. 


2. Curves of Aortic Insufficiency 'With Some Evidence of Stenosis.— 
Curves were taken from young patients with a history of rheumatic 
fever and who had no evidence of syphilis. Clinically the subclavian 
pulses were Corrigan in quality and were felt to rise steeply and 
reached the summit near the end of the pulsation. At the top of the 
pulse which was sustained, vibrations were felt. The diastolic fall 
did not seem abnormally rapid or deep. These clinical impressions 
were confirmed by the graphic records (Fig. 5). The rapid rise is 
occasionally interrupted by a notch two-thirds the distance up the 
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ascent. The pulse continues to rise after the first steep ascent and 
the top of the pulse, which is usually cut hv vibrations, is reached 
near the end of ejection. The drop to the ineisurn is steep but does 
not extend much farther than the normal and tin* diastolic portion of 
the curve falls away gradually. Following the ineisurn tire slight 
after vibrations, lacking in some curves. These records arc strikingly 
like experimental curves of this valve lesion. Post-mortem studies 
in rheumatic aortic insufficiency usually reveal varying degrees of 
stenosis. The aortic ring generally is not dilated and the lea (lets tire 
stiffened in their partially diastolic position. In addition they are 
adherent at their commissures. This is illustrated in Kip:, (i showing 
the aortic orifice of a patient aged twenty-one years with ti rheumatic 
history and clinical signs of five insuflieieney. The subclavian pulse* 
was large, rose steeply, and was fairly well sustained. The graphic 
pulse curve (Pig. 7) showed the elmraeteristies just described. 



Kijr. 


-SubcJiivliin piilii.* carve from jiutlvnl \vh«s«* v:ilv.* Is UliisUut.tl In 


Kis. ti. 


%-Ao)hc Stenosis . — Patients presenting the accepted clinical signs 
achancecl aortic stenosis were studied. The diagnostic criteria were 
«s ollous; Small volume pulses. anacrotic in (pialitv, palpable sys- 
oic thrill and harsh systolic murmur over the aortic area, trans- 
g ]. , GC fi'G neck vessels; either a faint second sound was heard or a 
\vcr ( 1 ‘ ls ^°^ c murmur. These patients all had subclavian pulses that 
rum Vl Uccc * m volnn,c N s,l) ' v in ascent, with the rise definitely inter- 
ai ,j. . ^ Palpable vibrations. The patients had either rheumatic or 
(Pio- of sc:nr ' n P °f the aortic orifice. The graphic records 

other f t th ° S ° sensa1i(,ns accurately and in addition show 

a shav/ 1 U \ eS * r |^. C r,sc * s abrupt, but brief and is terminated by 
isslo^v - Pea !\ J h ! s * s l°ll fnVt> d by an ineisurn. The succeeding rise 
drop to +i CU - y vl,n ’ ations > and Cluls in the summit of the pulse. The 
pending 1 is usually reached in 0.3 to 0.5 of the total fall, de- 

le c egree of the associated insufficiency, the wave then 
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falling away gradually in diastole. These clinical records may be 
compared with curves obtained in animals with experimental aortic 
stenosis 4 and exhibit striking similarity. The small amplitude of the 
pulse curve with a sharp initial rise, an anacrotic incisura relatively 
low on the upstroke, a slow ascent cut by vibrations, the rounded sum- 
mit, the indefinite catacrotic incisura and gradual fall in diastole 
duplicate the picture found in the experimental curves. 

Modifying changes in cardiodynamics in patients with aortic insuf- 
ficiency produce curves preserving the general contour yet showing 
some variations : 

1. Advanced failure. The pulse curves obtained from patients hav- 
ing the usual clinical evidence of aortic insufficiency and in addition 
signs of congestive failure presented a small pulse, Corrigan in qual- 
ity. The subclavian curve showed the sudden and sharp anacrotus 
terminating in a sharp and ill-sustained peak, with a rapid diastolic 



Fig. 8. — Subclavian curves from patients with aortic stenosis. 


decline. This pulse although preserving the general contour seen in 
free insufficiency was reduced in size. 

2. Bradycardia. The effect of slow rate was studied in a patient 
who in addition to free aortic insufficiency of luetic origin had com- 
plete heart-block with a ventricular rate of 40. The record showed 
an abrupt rise terminating in a relatively sharp summit and a rapid 
fall in diastole. Thus with a prolonged diastole and increased dias- 
tolic filling of the ventricle, sudden and rapid ejection took place 
which led to the conclusion that there could be little or no aortic ob- 
struction. At post-mortem the typical changes of luetic aortitis with 
involvement of the aortic leaflets were found — the ring being consid- 
erably dilated. 

3. Tachycardia. Curves with moderate tachycardia in patients with 
free insufficiency were typical of those found in free insufficiency, and 
in spite of the increase in rate the diastolic portion of the curves fell 
away rapidly. Curves recorded in the rheumatic aortic insufficiency 
group likewise were similar to those with slower rates. 
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A or ti e Insuflwinu'ti. — Aortic regnrgitnlion of luetic origin is com- 
parable with the insufficiency experiment ally produced because both 
lesions arc relatively pure. The central pulse curves in the two while 
faring considerable resemblance to one another are not identical in 
contour. The initial rise, in the clinical cases, terminating in an 
incisura, is due to the wide open orifice permitting the eltective intra- 
ventricular pressure to be almost immediately transmitted to the aorta 
because the aorta and the left ventricle are in etVeet one chamber.* 
In clinical cases the aortic orifice is in addition dilated and olten 
widely so. The aorta and large peripheral arteries are dilated, and 
this factor is an additional cause of the low diastolic pressure and re- 
duced peripheral resistance. Tin* experimental lesion produces an 
insufficient valve and may produee some dilatation of the aortic ring, 
but is not associated with the dilated peripheral arteries. The clini- 
cal curves in pure. insufficiency show an anacrotic interruption low on 
the ascent while the experimental lesion produces curves rising steeply 
without this hesitation or notch. 

What is the explanation for this difference in pulse contour? In 
the clinical curves the first part of ejection meets with little periph- 
eral resistance, hence the sudden vise of the pulse curves. The hesita- 
tion or notch may represent the resistance caused by initial aortic 
filling. The subsequent rise of the pulse, while steep, is slower, due 
to the greater peripheral resistance offered by a partly filled aorta, 
the vibrations on the top of the experimental curves may be due 1o 
the vibrations ol the aorta initiated by the sudden ejection of an aug- 
mented ventricular contents. These vibrations are slight or lacking 

111 ^ le clinical curves because of the damping effect of the dilated 
arteries. 

Ihe interruption in the anacrotic portion of Ihe curve found low 
( onn on die curves of free insufficiency is lacking or is found higher 
U P on Hie curves of rhoumalic aortic insufficiency. Those curves rc- 
sem le more closely in their first portions the curves of experimental 
^esions. this concordance is due to the fact that the aortic ring is 

Related and in this more nearly approximates the experimental 
j; U - ^ le catacrotic portion of the curves in clinical cases falls 
stei^ S ^ e °^? r * n l )UVe insufficiency than in insufficiency modified by 
I'apicUv' ^ vCW * se ihe diastolic portion of the curve falls away more 
leak " ,0 ^ 1 ^ ae ^ 0l ’ s ^ Vlc 110 doubt to tbe freer ejection ancl the larger 

Aortic Stenosis.- 


mental^ , mos * s ‘ ^hc curves of aortic stenosis in clinical and experi- 
_____ — esions resemble one another, although the almost constant 

Cases of " aortic rcgurgnatlon '" 11 ^ 1e * s '°niotric period Is distinctly shortened in clinical 
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presence of some insufficiency in the clinical cases makes the two le- 
sions not precisely comparable. The predominance of the stenotic 
lesion masks in a great measure the effect of the insufficiency in the 
clinical cases. This result of insufficiency is best seen in the catacrotie 
portion of the clinical curves— both in the fall in pressure during re- 
duced ejection and in the diastolic portion of the curves. 

SUMMARY 

The subclavian pulse was studied in ninety-four patients with aor- 
tic valve disease. The curves of aortic insufficiency may be divided 
into two groups: (a) pure insufficiency, as caused by lues and by bac- 



Eig. 9. — Superimposed subclavian curves in various types of aortic valve disease and 

normal control. Sec text. 


terial endocarditis. These curves have been described and differ in 
some details from the experimental curves; (b) curves with some evi- 
dence of stenosis, found clinically usually in rheumatic cases. These 
curves more nearly resemble the experimental curves, especially in 
tlie anacrotic portions. The records of aortic stenosis are characteris- 
tic. Because they give evidence of the freedom of the insufficiency and 
the degree of the stenosis, subclavian pulse curves have diagnostic 
value in the differentiation of pure insufficiency from insufficiency 
modified by stenosis and in cases of aortic stenosis. Fig. 9 illustrates 
the various types of subclavian curves recorded in aortic valve de- 
formity. The curves, traced from clinical records, are superimposed. 
Curve r is the normal control ; a is from a case of free insufficiency of 
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luetic origin; b is from a case of aortic insufficiency with slight steno- 
sis (rheumatic etiology) ; and d is a curve of stenosis. These records 
illustrate in a comparative way the various, types. 
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DIGITALIS DOSAGE IN AURICULAR FIBRILLATION 

The Influence of the Activity of the Cardiac Nerves on the 
Size of the Effective Dose* 

Ernst P. Boas, M.D. 

New York, N. Y. 

FAIGITALIS has been in common 'nse for about a century and a half, 
and it would seem that, after so many years little that is new 
could be added to our knowledge of its method of employ. Yet, as can 
be attested by every physician who sees a large number of patients 
with heart disease, many of the sick suffer needlessly and even die 
because they have received improper treatment with digitalis. In 
large part, of course, this is due to lack of application of existing 
knowledge, for Withering himself pointed out that enough of the 
drug must be given to produce a definite action, such as slowing of the 
pulse, diuresis, or vomiting. 

In recent years, particularly in the United States, much attention 
has been directed to the standardization of digitalis preparations, and 
to the establishment of doses adjusted to the body weight of the pa- 
tient, and to the speed of excretion of the drug. These studies have 
been valuable in improving the available preparations of digitalis, in 
encouraging mere adequate dosage, and, in particular, in making pos- 
sible quantitative investigations of digitalis administration. On the 
other hand, they have unfortunately led to a too rigid routine in the 
employment of the drug, and to a too implicit reliance on the dose as 
theoretically worked out, with a corresponding neglect of the clinical 
criteria of digitalis action. This schematization has arisen in spite of 
the fact that Eggleston in his original paper 1 reported that in 17 of 48 
cases, doses of digitalis much larger than the average were given 
without the production of more than mild toxic symptoms. Mackenzie 
and many German observers have repeatedly emphasized the differ- 
ences in susceptibility of individuals to digitalis. No adequate ex- 
planation has been offered for these varying degrees of tolerance to 
the drug. 

In a previous communication 2 I again drew attention to the lability 
of the ventricular rate in patients with auricular fibrillation who were 
under the influence of digitalis, and pointed out that alterations in 
rate are governed by neurogenically determined changes in conduc- 
tivity of the specific conducting tissue of the heart. The ventricular 
rate in these patients is therefore largely controlled by the cardiac 


•From (lie medical service, (Dr. George Ilaehr) Mt. Sinai Hospital, New York. 
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nerves. It was further shown that patients with auricular fibrillation 
and labile ventricular rates, are, as a rule, high strung and nervous, 
corresponding to patients with nenroeirculatory asthenia, and that in 
them, quantities of digitalis in excess of the calculated body-weight 
dose are required to slow the ventricles. In patients with auricular 



c lo Sao . a ] ° n auc ^ a more stable ventricular rate the usual and smaller 
It was " '•^ 1 ^ttalis is efficacious in controlling the ventricular rate, 
certain ° Ut ^ le c I° sa o e of digitalis necessary to achieve a 
upon the ^ e ^f nc ^ s as niuc h 011 the vagus-accelerator balance as 
nervous 6 °' We .^^ °I' the patient, and that patients with different 

when thei° UStl * U ^ 0riS reae ^ differently to identical doses of digitalis 
auiicles are fibrillating. Patients with increased acceler- 
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ator or sympathetic tone require large doses of digitalis to slow the 
ventricles, and tolerate these large doses without exhibiting toxic 
phenomena such as nausea or bigeminy. 

It is my purpose, in this paper, to show that the relationship between 
vagus-accelerator balance and digitalis dosage may help to explain, 
not alone the varying tolerance to digitalis of individuals with differ- 



ently conditioned involuntary nervous systems, but also the variations 
in the effective therapeutic dose in auricular fibrillation at difleicnt 
ages, in fevers, in Graves’ disease and in congestive heart failuie. 

Nervous Constitution . — The phlegmatic individual with rheumatic 
heart disease who develops aui’icular fibrillation is, as a rule, brought 
under the influence of digitalis with small doses. Fig. 1 is the ehait 
of the ventricular rate of such a case: a woman aged thirty-tin ee 
years, with rheumatic mitral stenosis, a heart showing great geneial 
enlargement, auricular fibrillation, but no congestive heart failure. 
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111 addition she had a left hemiplegia of embolic origin of two years’ 
duration. The upper record was taken at a time when she had re- 
ceived no digitalis for five months ; the ventricular rate was not very 
rapid. The second tracing taken after 36 c.c. of the tincture of digi- 
talis had been administered in the preceding thirteen days shows very 
adequate slowing of the ventricles. 

:in contrast to this case is the one represented in Pig. 2. This was a 
woman aged forty-six years who also had rheumatic mitral stenosis 
and insufficiency, and marked generalized cardiac enlargement, and 
auricular fibrillation. Her lungs were clear, and there was no edema, 
but the liver extended four fingers below the costal margin. During 
the first observation, although she had received 51 c.c. of the tincture 
of digitalis in the preceding twelve days, that is more than 4 c.c. a day, 
her ventricular rate was still labile and rapid. It was only after 44 
c.c. more were given in the succeeding ten days that the ventricular 
rate was adequately slowed and stable. The patient was a very nerv- 
ous excitable woman corresponding to the type exhibiting neurocircu- 
latory asthenia. 


Age . — Few accurate data are available regarding the influence of 
the age of the subject on the size of the effective dose of digitalis. 
McCulloch and Rupe, 3 studying children with normal hearts, found 
great variations in the dose necessary to produce a digitalis response. 
As criteria of digitalis action they used the appearance of sinus ar- 
rhythmia, sloiving of the pulse, vomiting, or changes in the P-R, inter- 
val and in the T-wave. They found that, as a rule, children required 
body-weight doses two to five times as great as those determined by 
Eggleston for adults. Jacobsen and Davison, 4 studying children with 
congestive heart failure, estimated the dosage for children as about 
buce that of adults. Schwartz and Weiss, 5 after administering a 
single full body-weight dose to each of 23 children, did not observe 
a iq toxic manifestations such as nausea or vomiting. In two children 
vit l aiuicular fibrillation adequate slowing of the ventricles resulted 
u un twenty-four hours. Dr. May Wilson informs me that, in her 
children require larger doses of digitalis relative to their 
repo ^ lan c ^° a dults. On the other hand, Sutton and Wyekoff, 6 

thos 1 ^ ^ c k^ ren digitalis is effective in doses comparable to 
In ^ a ^ ll ^ s ’ without necessarily producing intoxication, 

slow t| e eWerly P ll * se ^ en ds to be slow, and small doses of digitalis 
case is pi Veutiae * es * n presence of auricular fibrillation. Such a 
°f sevent^ lateCd ^ a rec01> d of the ventricular rate of a man 

si ze ai ^ eais w ^h. auricular fibrillation who had a heart of normal 
120/65 with no valvular disease, and a blood pressure of 

received n a s l° w ventricular rate although he had 

01 'gani Q le° That this slow rate was not conditioned by an 

esion of the conducting tissues is proved by the fact that 
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four weeks later lie had normal sinus rhythm, and the electrocardio- 
gram showed no delay in conduction. 

& On the other hand, it- is well known that organic lesions of the con- 
ducting tissue, which occur particularly in older individuals, lead to 
slow ventricular rates in the presence of auricular fibrillation. Such 
a case is represented by It. h.. a man aged sixty-seven years who had 
auricular fibrillation with a heart of normal size, without valvular 
lesions, and with a blood pressure of 140/70 mm. There was marked 
general arteriosclerosis. Under 3 e.c. of tincture of digitalis a day 
his heart rate ranged from 50 to (50. Sinus rhythm was restored with 
quinidine, and the heart rate remained unchanged. The P-R interval 
measured 0.25 seconds. Five days later auricular fibrillation again 
set in, and now free from the influence of digitalis the vent ricular rate 
was 60 to 80. 

Although exact experimental data are not available, it seems clear 
that, in general, in children, vagus activity is not marked, and sym- 
pathetic activity predominates; whereas with increasing age there is 
a shift in the balance of vagus and sympathetic to the side of increased 
vagus influence. 7 This phenomenon, in so far as it improves intra- 
cardiac conduction in children, and slows it in the elderly, helps ex- 
plain the more labile ventricular rates in children and the more stable 
rates in the aged. It also makes understandable the fact, that, as a 
rule, children must receive larger doses of digitalis than elderly indi- 
viduals to control the ventricular rate when the auricles are fibrillating. 

Fever . — The ineffectiveness of digitalis in slowing the pulse during 
fevers has long been noted, so that many clinicians do not use the 
drug when there is fever. Here we are concerned only with the effect 
ef febrile states on hearts with auricular fibrillation, not with sinus 
diythm. A diminished vagus, or increased accelerator activity, or both 
aie operative in febrile states/’ S1 Cohn and Jamieson,'" found acceler- 
ated conduction from auricles to ventricles in 11 of 50 patients with 
0 ai pneumonia. In the presence of auricular fibrillation this im- 
punefi conduction leads to a rapid ventricular rate. Schwartz and 
eiss, were unable to slow the ventricles in children with active rheu- 
tali^ 1G ^ CVei ' anc ^ am ^ ei dav fibrillation, with body-weight doses of digi- 
s , although in these same children the usual doses were effective 
j® n the infection had subsided. 

doses m f eX ^ eiaence Patients with fever often tolerate much larger 

waist h ^ ian r -i° normal individuals, and very large doses 

ingu s * ow ^ ie ventricles when the auricles are fibrillat- 

i 0 l- slowing can be achieved is illustrated by the fol- 

i0 ' v mg example: 

for some tim^^ ^ years who had had mitral stenosis and auricular fibrillation 
first, seen she ° ^ ^ ar ^ m '^ c| t to Mt. Sinai Hospital with lobar pneumonia. When 
e vas intensely cyanotic and dyspneic, with a ventricular rate of about 
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KIr. t. — Unstable ventricular rate in a woman with Graves’ disease. Upper curve — undljiitaUzed. Lower 

curve after 61 c.c. tincture of digitalis in the preceding sixteen days. 
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150 respirations of 36, anti temperature :il)3° F. Site received lit c.c. of t lie 
tincture of digitalis within the first twenty-four hours. Within fifteen hours her 
ventricular rate was 112, and at the end of twenty-four hours if was 97. She then 
received about 2 c.c. of the tincture daily, and during the following week while her 
temperature ranged from 101° to 102°, her ventricular rate remained between 
CO and 70. With this there was veiy pronounced improvement in her condition. 

This case shows that an adequate digitalis effect can be obtained 
inpatients with auricular fibrillation and intercurrent febrile episodes, 
if sufficiently large doses are administered. 



jTjg- g t J 

La 'L '„ il p < i in - the same patient. Solid lines — undigitalized. Broken lines 

le c - c - tincture of digitalis in the preceding sixteen days. 


(xV > 

t'iini ai ' e ' S '. ^* sease ‘ — Graves’ disease, as in fevers, the experience of 
i'ate CUl ] K ^ UlS ^ een digitalis is ineffectual in slowing the heart 
bad 1G ^ ler ^ ierc ^ ,c rhytlnn or auricular fibrillation. Wencke- 
ease ^ la *’ Patients with auricular fibrillation and Graves’ dis- 

Patients n °^ leac ^ we ^ bo digitalis . 12 It has been my experience that 
Ygntv’ V ' 1 ^ 1 ^ laves? disease and auricular fibrillation, exhibit rapid 
ex cessiv 31 la ^ 6S ’ anc ^ bhat the ventricles react to all reflex stimuli by 
slow the aece ^ era 'G° n - Very large doses of digitalis are required to 
ventricular rate, and even after adequate slowing the ven- 
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tricles respond intemperately to reflex stimulation. These large doses 
can be tolerated without toxic symptoms. The following case'offers a 
good illustration: 

A woman aged 50 years was admitted to the Mt. Sinai Hospital Dispensary with 
classical signs and symptoms of Graves’ disease. Two years previously, following 
an automobile accident, she had begun to lose weight and to tire easily, so that 
she was unable to do her housework. For six months she had had attacks of 
palpitation with a sense of suffocation. There was sweating, tremor of the hands 
and progressive loss in weight. Kadium therapy had been ineffectual. On admis- 
sion she exhibited slight exophthalmos, a von Graefe sign, a slightly enlarged 
thyroid isthmus, marked tremor of the hands. The heart showed considerable 
enlargement of the left ventricle, and auricular fibrillation. The basal metabolic 
rate was +65. Her heart rate was recorded by means of the cardiotachomctcr. 
Fig. 4 shows the ventricular rate recorded every few minutes both before and after 
digitalization. The excessive accelerations following moderate exertion are striking, 
even after she had received large doses of digitalis. In Fig. 5 is recorded the heart 
rate for two periods of about seventeen hours each, once before digitalis had 
been given, and after 61 c.e. of the drug had been given in sixteen days. There 
were no symptoms of digitalis intoxication, the rate during sleep did not go below 
85, and a maximum of 147 was reached after exercise. 

At times the increased tolerance to digitalis of a patient with 
Graves’ disease may be of diagnostic value. This is well illustrated 
by the following ease. 

W. A., (hospital No. 325061) a man aged 60 years had had increasing weakness, 
dyspnea on exertion and palpitation for two years. For one month the symptoms 
had been worse. His weight one year ago was 105 pounds, his present weight 153 
pounds. He was a serene, well built elderly man. The eyes were not prominent. 
The thyroid gland was not palpable, and there was no substernal struma visible on 
the roentgen film. The lungs were moderately emphysematous, with some rales at 
the right base. The heart was not enlarged, the sounds were rather faint, and there 
were no murmurs. The rhythm was absolutely irregular, with a ventricular rate o 
150. The electrocardiogram showed auricular fibrillation. The blood pressure was 
140/80 mm. There was considerable sclerosis of the radial and temporal arteries. 
The Wasserniann reaction was negative. It was thought that the patient m 
auricular fibrillation associated with arteriosclerosis. There was no other eu 
etiological factor. Digitalis was administered. Twenty-one c.e. of the tinctur 
were given in three days, yet the ventricular rate was 120. In the first nine ( a. - 
of treatment 46 c.c. of the tincture were administered; there was no naiuea o 
bigeminy and the ventricular rate did not fall below 00. In the subsequent seien 
days 39 c.c. more of tincture of digitalis were given with no further rop m 
pulse rate. The unexplained resistance to the effects of digitalis led to the es mn 
tion of the patient 's basal metabolism. This was found to be -r54 on one ocen~ 
and +65 on another. 

This case of atypical hyperthyroidism was discovered only because 
of the exceptionally high tolerance for digitalis. 

When the Graves’ disease is no longer active, this increased tolei 
ance for digitalis is lost. Thus Fig. 6 represents the ventricnlai ia(e 
of a woman of fifty years who had developed Graves’ disease six \ eais 
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Cardiac Insufficiency . — Acceleration of tlie heart rate with the on- 
set of cardiac insufficiency, in the presence of normal sinus rhythm, is 
a commonplace clinical observation. The physiological processes that 
underlie this quickening of the heart are complex and are not fully 
understood. Alterations of certain chemical factors, such as the hy- 
drogen-ion concentration, the carbon dioxide and oxygen content of 
the blood, and the accumulation of lactic acid may play a role. An- 
other important mechanism is often overlooked. Bainbridge 13 showed 
that a rise of venous pressure, or a sufficient increase of the diastolic 
distension of the heart, brings about reflex acceleration of the heart, due 
partly to loss of vagal tone, and partly to an increase of accelerator 
tone.' Such reflexes must often be active in the presence of myocardial 
insufficiency. Kiscli 14 has stressed the diminution of vagus tone and 
the increase in sympathetic tone in circulatory failure, and has as- 
cribed the increased heart rate to this factor. In addition to the Barn- 
bridge reflex, reflexes arising in the carotid sinus undoubtedly play a 

The same mechanism must prevail in heart failure associated with 
auricular fibrillation, but here the preponderance of sympathetic ac- 
tivity leads to increased conduction from auricles to ventricles, and . 
to an increased ventricular rate. So it is that, m the presence of 
marked cardiac insufficiency, larger doses of digitalis are i requne^ o 
slow the ventricles than when compensation lias been • ‘ 

kenz ie>* long since, noted this phenomenon, and ascuhcd 
diminished irritability of the A-Y node as tta dtawg Uond. m, 
patient improved. More recently Gold and DcGi. ft ne e 
to show that “the degree of heart failure » tllcra . 

determining the amounts of digitalis necess, 3 1 ,1 

peutic results.” Their patients with severe lie Mm* * 
much larger doses to slow the ventricles than did these 

ambulant. fibrillation differ 

Some authors believe that patients ' v ' tl ‘ jith nature and 

in their sensitivity to digitalis because of Sciences . , . 

cause of the underlying heart disease. Thus t he s o,^^^ ^ ^ 
rates observed in elderly patients with auricula comp „ m l 

cribed to sclerotic lesions of the conducting system J dis- 

eases of auricular fibrillation associated with .hen ^ ^ ^ 
case, hypertension, arteriosclerosis, and Grav Ax-clv is the 

found that the etiological agent or the anatomic* c jist, arc 

determining influence. Differences in to eiance, balance. In 

best explained by the varying state of vagus-ac ■ ^ cU , cl .| v 

Graves’ disease it is the increased s\mpat le ic a ‘ influence. so 
with arteriosclerosis, it. is, as a rule, the uici ease e ‘ eondueting 
common in the aged, rather than fibrotic lesions of the 


svstem that gover 


iiruu. lauuw . i*, 

,-ns the reaction of the heart to digitalis. 
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DISCUSSION 

The data that have been presented seem to allow of the following 
generalizations. In the absence of organic lesions of the conducting 
system, the ventricular rate in patients with auricular fibrillation is 
determined by the vagus-accelerator balance, fast and labile rates be- 
ing associated with preponderant sympathetic action. In patients in 
whom sympathetic activity is dominant, larger doses of digitalis are 
required to slow the ventricles, and these larger doses are tolerated 
without giving rise to toxic symptoms. In childhood, as well as in 
patients with neurocirculatory asthenia, fever, Graves’ disease, and 
with severe circulatory failure the activity of the accelerator nerves 
outweighs that of the vagus, and it is just in these clinical conditions 
that the largest doses of digitalis must be administered to bring about 
ventricular slowing. 

Certain analogies between the slowing of the heart in response to 
vagus pressure and to digitalis were pointed out some fifteen years 
ago by Weil 17 and by Fahrenkamp. 18 The latter showed that in pa- 
tients with auricular fibrillation and rapid ventricular rates vagus 
pressure induced no ventricular slowing, and that large doses of digi- 
talis were also without effect; that in those patients in whom ven- 
tricular slowing followed doses of 1 to 2 grams of digitalis there was 
definite slowing following vagus pressure; and that patients who ex- 
hibited a. marked vagus effect were sensitive to small doses of the 
drug. These observations have led to the generalization that the ef- 
fectiveness of digitalis medication in patients with auricular fibrilla- 
b°n in general will parallel the degree of ventricular slowing 1 they 7 ' 
Lvliibit following pressure on the carotid sinus. 10 

These phenomena reveal the same mechanism that we have described, 
lesumably, vagus slowing of the heart is induced with greater diffi- 
culty when the sympathetic is overactive, and this is true whether the 
sowing is brought about by mechanical pressure or by digitalis. The 
filiation of the heart rate is so complex, and there are so many 
Wimbles involved, that one cannot expect to find, in every individual 
tw^ aur * cl ^ ar fibrillation, an exact quantitative relationship be- 
ceptiVr a8US ' aCCe]ei ' at0r Glance, ventricular rate, and digitalis sns- 
cxteit ^ ^ ^ lele * s 110 that this mechanism is, to a large 

di'dtali * e< „ enri ” 3 ” i §' 1 Xt is very probable that the variable response to 
lectors^ °p k ea „o* S norma l sinus rhythm is controlled by the same 
edema ly 0 ^ ^ las s ^ 10wn that with sinus rhythm, in the absence of 
hearts’ C l e ^ llces the rf de principally in hypodynamia unstable 

of t]le ® ^tieatment of patients with auricular fibrillation, the lability 

mavkedTf r 01 ? 181 ' r&te iS aS si ° nificant as its absolute level. Tlie 
a 1 % of the heart rate in many patients with auricular fib- 
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relation, even when they are under the influence of digitalis, has been 
pointed out in a previous communication, 2 and is well illustrated in 
some of the graphs of the present paper. This variability is evidenced 
to a much greater degree by individuals with preponderant sympa- 
thetic activity. In them, more especially, quantities of digitalis suf- 
ficient to produce satisfactory ventricular slowing when they are at 
rest, are quite inadequate when they are up and about. Very large 
doses of the drug may be necessary to keep the ventricular rate within 



bounds under such conditions. Fig. 7, representing the ventriculai 
rate of a man with mitral stenosis and auricular fibi illation, shows 
that although at rest the rate ranges from 75 to 85 a minute, slight 
exertion, such as eating breakfast, elevates it to 125. To such patients 
enough digitalis must be given to reduce the ventricular rate at iest 
to from 50 to 60 a minute, to prevent undue acceleration when they 
resume their ordinary activities. At times it is impossible to diet v 
these unregulated responses of ventricular rate to physical oi e\en 
emotional activity. For two years I have had under observation a 
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man with chronic rheumatic valvular disease, mitral stenosis and au- 
ricular fibrillation, and a marked anxiety neurosis. He has never had 
congestive heart failure. The following observations are typical of 
his reactions to digitalis. Undigitalized, Ins ventricular rate was 
about 150. After he had received 52 e.c. of the tincture in ten days 
the ventricular rate when he was in bed before breakfast was 56. 
After breakfast it. rose to 112; while he was being examined to 120; 
and after walking across the room to 160. In the following seven 
days 44 c.c. more of the tincture were given. At the end of this time 
the rate was 58 at rest, and 80 walking. Because of the development 
of toxic symptoms, such as headache and anorexia, it lias been impos- 
sible to keep him adequately digitalized, and he has had repeated 
courses of quinidine to maintain sinus rhythm, as the only means of 
keeping him comfortable. It is necessary constantly to reiterate that 
in the treatment of auricular fibrillation enough digitalis must be 
given to maintain ventricular slowing when the patient is pursuing 
his ordinary activities ; and that for patients with increased acceler- 
ator tone this involves doses much larger than those required to slow 
the ventricles with the patient at rest. 

What practical rules of digitalis dosage may he derived from all 
of these considerations? The weight of the patient is no absolute 
guide to the total dose of digitalis that is required. Of equal, if not 
greater importance is the vagus-accelerator balance. Preponderant 
accelerator activity manifests itself clinically by a rapid labile ven- 
tricular rate, and by many of the signs and symptoms of neuroeircu- 
latory asthenia. It is particularly marked in patients with Graves’ 
disease, neurocirculatory asthenia, and severe cardiac insufficiency. It 
may be anticipated that such patients will require exceptionally large 

^°ses of the drug to slow the ventricles in the presence of auricular 
fibrillation. 

In actual practice, when dealing with a patient who has received no 
itis convenient, to use the calculated body-weight dose as a 
°ugi preliminary guide. One can commence by giving as the first 
o se, one-half of the theoretical dose which is approximately 0.18 c.c. 
ture 6 tinCtlU ' e ^ Gr P° mic ^ At the end of six hours 4 c.c. of the tinc- 
Then^ 6 ^ 1V6n ’ anc ^ c ^ ose repeated once after six more hours. 
} s ^ C ' a ' aie given every six hours until the ventricular rate at rest 
cc le ra ^ _ P^ients who do not exhibit hyperactivity of the ac- 

t 0ry slov- neiVeS SUC ^ c ^ osa 8' e very quickly will bring about satisfae- 
aetivity^]^ ^. ie Ventr i c ^ es - those with heightened sympathetic 
day s h e f 0 US 1 J^ively high dosage may have to be continued for many 
fear 0 f t 0 ^ ^ ventricles are controlled. It may be given without 

of toxicity h ™ amfestatl0ns , for tliese Patients rarely show evidences 
e ore a well-marked slowing of the ventricles occurs. Of 
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course tlie patient must be under continuous observation to guard 
against possible overdosage as manifested by nausea, vomitin'* or 
bigeminy. c ’ 

Patients with cardiac failure often vomit shortly after taking the 
drug. This is not a specific digitalis effect, but is probably related to 
congestion and irritability of the stomach, and is not an indication 
fox suspending further digitalis therapy. In such cases the substitu- 
tion of the dried leaf for the tincture often enables the patient to 
retain the drug. 

The size of the maintenance dose, once the patient has been digita- 
lized, cannot be predicted, but must be established by actual trial in 
each case. In general, the greater the original dose that was required 
to slow the ventricles, the larger will be the maintenance dose. It 
may range from 1 to 4 or 5 e.e. of the tincture a day. It must serve to 
control the ventricles when the patient is following his usual mode of 
life. 

All such rules, at. best, are but rough guides. Strict individualiza- 
tion and giving enough of the drug to produce the desired effect, irre- 
spective of the size of the dose, are the essence of successful therapy. 


SUMMARY 


The ventricular rate in patients with auricular fibrillation is largely 
governed by the balanced activity of the vagus and accelerator nerves. 
With preponderant vagus activity the rate tends to be slow and sta- 
ble, with preponderant accelerator activity it tends to be rapid and 
labile. Patients in whom accelerator influences predominate require 
much larger doses of digitalis to slow and stabilize the ventiiculai 
rate than do those in whom this excess of sympathetic influence is not 
manifest. This factor of nervous regulation is more potent than the 
weight of the patient in determining digitalis dosage. I he conditions 
under which auricular fibrillation associated with exaggeiated acce ex 
ator activity is encountered most frequently in the clinic axe: iix child 
hood, in patients with neurocirculatory asthenia, with fexei, uxti 
Graves’ disease, and with severe cardiac insufficiency. In these con 
ditions exceptionally large doses of digitalis must be given to piox xice 
and maintain adequate ventricular slowing in the presence of axuicu 
lar fibrillation. 
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THE EFFECT OF DIGITALIS ON THE T-WAVE OF THE 
ELECTROCARDIOGRAM. AN EXPERIMENTAL STUDY 
IN HUMAN BEINGS* 


William A. Brams, M.D., and Peter Gaberman, M.D. 

Chicago, III. 

F LATTENING or inversion of the T-wave in the electrocardiogram 
following administration of digitalis has been reported by a num- 
ber of observers, many of whom regard this change as an early sign 
of digitalis effect or intoxication (Pardee ; 8, 9 Cohn, Fraser and Jamie- 
son; 3 Marvin, Pastor and Carmichael; 5 Cohn and Stewart 4 ). Robinson 
and Wilson 10 considered such a change in the T-wave as the first 
evidence of digitalis intoxication. Others found that the T-wave 
remained upright and became taller after digitalis (Yacoel and 
Papanayotou; 12 Selenin; 11 Nicolai and Simons 7 ). There is a general 
impression in spite of these contradictory reports that inversion or 
flattening of the T-wave is reliable, early evidence of digitalis effect. 
McCulloch and Rupe c found inversion of the T-wave in only 11 per 
cent of children following digitalis administration while about 33 per 
cent showed changes in rate and conduction. _ 

In a previous publication one of us (W.A3.*) reported a series o 
experiments on dogs in which different preparations of digital * > 
administered by various routes and in ascending doses un it. 
the animal occurred. Electrocardiograms were taken three time ea 1, 
day for the duration of the experiment. In not a single m n 
the T-wave become inverted in spite of the fact that eind nees^of 
digitalis intoxication were present, such as prolonged P ^ 

nodal rhythm, complete dissociation, nausea and v'om't g. a 

suits have since been confirmed by Blumenfeldt an > . uJar 

rabbits and human patients with cardiac disease, me u „ • 

fibrillation. , K who 

It seemed desirable to perform experiments on human be n.s * 

had neither a history nor evidence of cardiac disease, si thosc 

sible that persons with healthy hearts react ci el ® n * like j] lose 
with cardiac disease. These experiments were condu [1}{Titalis 

of the animal series, namely, gradually ascen in 0 eac ] 1 day 

were given and electrocardiograms were taken three n0 ‘ t 

in order not to overlook early or transient changes-a 
taken by some observers who failed to note an imeision ^ ^ 

•From the Medical Department of the 
Department of Physiology, Northwestern Unncrsaj 
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Nine adult, volunteer patients were selected who were convalescing 
from peptic ulcer, arthritis and like conditions hut who gave no his- 
tory or evidence of cardiac disease. Digifoline was given once a day 
intravenously, beginning with 1.0 c.e. and increasing by 1.0 or 2.0 e.c. 
daily until these ascending doses produced nausea, vomiting and pre- 
cordial distress. The usual amounts given were 45.0 c.c. in nine days, 
the patient receiving 24.0 c.e. during the last three days of the experi- 
ment. The drug was standardized shortly before use, and it was 
found that 1.0 c.c. was equal to 1.5 grains of the powdered leaf. Con- 
trol electrocardiograms were taken before the drug was given and at 
three, seven and twenty-four hours after each dose. The usual pre- 
cautions were observed while the electrocardiograms were taken. 

Analysis of the electrocardiograms so obtained failed to reveal a 
single instance of inversion of the T-wave. Nor was there any in- 
stance of a previously upright T-wave becoming isoelectric. This 
was not due to lack of potency or to insufficient dosage of the drug as 
eight of the nine patients showed a moderate drop in pulse rate, one 
eventually developed partial heart-block (P-R. interval of 0.34 second) 
and another developed 2:1 heart-block and later, transient auricular 
fibrillation. All became nauseated and vomited ; most complained of 
a distressing form of precordial oppression. 

A slight reduction in amplitude of the T-wave occurred in five 
cases, the decrease being from 1 to 3 mm. Similar reductions and 
increases were occasionally seen without other signs of intoxication. 
There were times when the T-wave decreased slightly after digitalis 
but would return to the previous level after the next dose which would 
be larger. In the two patients in whom block developed the T-wave 
actually increased slightly in amplitude at the time block appeared. 

It seems that variations of from 1 to 3 mm. in amplitude of the 
T-wave should be considered as possibly due to extracardiac causes. 
The changes in amplitude of T were compared with the correspond- 
ing changes in QRS. The two were seldom simultaneously depressed 
to a proportionate degree. In fact, changes in the opposite direction 
occurred at times. 

The results of our experiments, both on human beings and on ani- 
mals, lead us to the conclusion that inversion of the T-wave does not 
always occur, even after toxic doses of digitalis, nor is it always an 
early sign when it does occur. "We cannot regard T-wave inversion 
as a reliable or early sign of digitalis action. The slight changes in 
T-wave amplitude might be due to extracardiac factors and position 
changes of the heart. This should be ruled out before ascribing such 
changes to digitalis. 

SUMMARY 

A series of experiments was conducted on persons without history 
or ev idence of heart disease in order to determine the effects of digi- 
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talis oh the T-wave of the electrocardiogram. Ascending doses were 
given intravenously, daily', until nausea, vomiting, precordial distress 
and heart-block developed as signs of digitalis excess. In no instance 
was there an inversion of the T-wave. Minor decrease in the ampli- 
tude of T occurred in about one half of the patients but the degree of 
reduction can be explained on other grounds and an elevation of the 
same extent occurred at times, viz., when heart-block occurred. In- 
version of the T-wave cannot be regarded as an earty or constant sign 
of digitalis effect. This was shown in these experiments in persons 
without heart disease and in dogs, and similar results have been re- 
ported in patients Avitli cardiac disease. 
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A NEW METHOD FOR CLINICAL DETERMINATION OF 
HUMAN CAPILLARY TENSION* 

Philip Strax, M.D., and Arthur C. DeGrapf, M.D. 

New York, N. Y. 

INTRODUCTION 

A STUDY of the various methods for measuring capillary blood 
pressure in man reveals that most of them are inadequate for 
routine clinical investigation for one or both of two reasons: (1) They 
are not practicable in regard to clinical application. (2) The results 
obtained are not accurate. To be available clinically, a method must 
have neither of the above faults. We have devised a new instrument 
and a new technic which, we believe, fulfill both requirements. 


REVIEW OF PREVIOUS METHODS 


Roy and Brown 1 (1875), although not studying human capillaries, 
deserve mention as the first to conceive a practical apparatus for the in- 
direct measurement, of the tension in capillaries as viewed with a micro- 
scope. With an air-filled capsule covered by a transparent animal 
membrane, pressure was applied to the capillaries in the web of a frog, 
as seen under the microscope. The principle of this method was used 
m modified form in the tonometers of many later investigators for 
application to man. 

Methods for measuring human capillary pressure fall into two dis- 
tinct categories : (1) those measuring so-called arteriocapillary pres- 


sme; (2) those attempting to measure actual capillary pressure. 

hi the first group, three methods are worthy of mention. Mosso 2 
(1895) used a metallic glove filled with warm water over the middle 
auc ling fingers. Pressure was applied through the medium of the 
luiteq and oscillations were transmitted to a kymograph. Oscillations 
maximum amplitude were taken as the criterion of mean tension. 
me* 31 ^ lei compressed the second phalanx of the finger by 

<ms of a pneumatic ring. On decompression, the instant of reap- 
e;1 .jj UCe le( i u ess was taken as the end-point for determination of 
a half ^ ^ lessure - Ki'eidl 4 (1902) employed, at the base of the nail, 
tlm * a ^ ac ^ lec I to a lever, which oscillated on a drum, to obtain 

The'Te d arterioca P illai T pressure. 

leadings obtained by these men were certainly not measure- 

not show the oscillation 


llleillt; r •> men wei 

~~ eapillaiy pressure. Capillaries do 


l6 sfSv t Tow <i E ar . tm ent 


onhn®"' Yoi 'k Univer?i^r° f Medicine, University and Bellevue Hospital Medical Col 
ellevu e Hospital St5, and t ,e Tlur <i (New "Sorts University) Medical Division 
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phenomena on wliicli these methods were based. The actual figures 
obtained were about three times higher than those of capillary pres- 
sure as determined by later workers. 

In the second group are those methods which purported to measure 
actual capillary pressure. These fall into two classes: (1) direct, (2) 


indirect. 

The direct measurement of capillary pressure in man by actual in- 
tubation under control of a microscope was first undertaken by Car- 
rier and Reliberg 5 (1922). 

Landis 6 (1930) (see Fig. 1 (?) devised a much more accurate method 
for micro-injection of the human capillary. A micropipette with an 
orifice of 8-12 micra in diameter is used. It is controlled by a Cham- 
bers 7 micromanipulator which is capable of moving it in three planes. 
The pipette is filled with fluid from a reservoir and connected to a 
manometer. Pressure is applied until only a few corpuscles remain 
oscillating at the tip of the pipette. A reading is then taken. 

This method is probably the most accurate of all to date. Unfor- 
tunately, it is not adaptable to clinical use. It requires an extremely 
high degree of skill on the part of the operator, and an even higher 
degree of patience on the part of the subject. Special training is nec- 


essary to operate the micromanipulator successfully. To apply it to 
micro-injection of human capillaries is a task for the expert. Then, 
too, before insertion of the pipette into a capillary, it is always neces- 
sary to remove a thin layer of epidermis with a keen razor blade. 
Even with this precaution, the author states, breakage occurs frequently. 
Landis’ apparatus, however, obviates many technical errors of the 
method of Carrier and Reliberg, so that the results obtained may be 
Liken as the standard measurement of capillary pressure in the human, 
t follows, then, that only those instruments which give results com- 
paiable to those of Landis are sufficiently accurate. 

Another form of the direct method of measuring capillary pressure 
m iat of Easier 8 (1914) and Weiss 0 (1914). These men pricked the 
ngei and applied to the bleeding point a tube filled with warm salted 

uni plus hirudin. In the tube was a piston which could slide up 
• C ° Wu eas %- By maneuvering the piston, the pressure necessary 
methol ' S ^°^ ^ ee( ^ n §‘ could be determined. The criticism of this 
capili° C - 1S ° bv * 0lls ' ^e equilibrated pressure cannot be proved to be 
and i ^ 1<3 bleedin S P r °bably comes from arterioles, capillaries, 
Sea li u ^ nU es Var ying caliber. Problems in technic, such as proper 
diffirJu- 0 s Lin and prevention of clotting, add to the 

Indher 1U USiUg ' tMs method Really. 

g mip s . e nr tll0ds ^ or meastir ing capillary pressure fall into two 
those usin' tbose us * n £ blanching of the skin as an end-point; (2) 
ized uiio, g SS bbe end 'P°int some phase of cessation of floiv, as visual- 

u microscopically. 
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. Von Kries 10 (1878) was the first to propose the use of color modifica- 
tions in the skin to measure capillary pressure. He devised a simple 
movable stand which was applied to the skin at a definite area. 
Weights were added until blanching occurred. The method was later 
modified by von Basch 11 (1900) and by von Becldinghausen 12 (1906), 
who used glass capsules sealed to the skin and filled with air at measur- 
able pressures. Basler 13 (1912) devised an elastic closed capsule to apply 
pressure. The latter is interesting as the forerunner of later methods 
using elastic compression. More recently, Marks 14 (1920) described a 
similar capsule. He asserted that compression with blanching as the 
end-point was the only clinical method then available for measuring 
capillary pressure. Ariola 15 (1925) devised a similar instrument. 

The results obtained by these methods cannot be accepted as ac- 
curate measurements of capillary pressure because: (1) It has been 
shown repeatedly by various workers (Danzer and Hooker 16 ; Boas 17 ; 
M. Weiss 18 ) that initial blanching of the skin is due chiefly to an evac- 
uation of the superficial venous plexuses. Skin blanching occurs be- 
fore flow in the capillaries, as visualized microscopically, is affected. 
(2) Blanching of the skin does not offer a reliable end-point. The skin 
of different subjects shows a great variation in the amount of pigment 
it contains. Then, too, there is the great personal factor as to what 
constitutes initial blanching. The strongest evidence of the fallacy of 
the method is that different workers with the same device have ob- 
tained quite varying results (Friedenthal 10 ). 

Hill 20 (1920) applied pressure by focussing a fine jet of water on 
the skin at the nail-bed. The jet was slowly moved to and fro and 
the pressure slowly increased. Initial paling of the skin vas taken 
as the end-point for capillary pressure determination. The hand v as 
then raised to empty the veins, while a cuff on the arm eompiessec t ie 
arterial flow. The jet of water was again used to cause paling o tie 
skin. The second reading was subtracted from the first to gne ie 
final result. As noted above, the results of Hill probably represen 
the pressure in the small venous plexuses of the skin rather then ia . 
in the capillaries or arterioles. Again, the difficulty of knowing u 
constitutes initial paling of the skin presents itself. 

Lewis and Haynal 21 (1928) ( see Fig. 1 B), working on histamine 
flares in the human skin devised a method for measuiing u iat ^ 
termed venule pressure. Histamine, when injected into the u jj nai 
skin, causes a local dilatation of the small arterioles, and, as iese 
authors asserted, a passive dilatation of the capillaries. lie( l 
twelve minutes after injection of histamine, pressure was app ie ^ 
the reddened area through either an open capsule sealed to t ie 
or a closed capsule until blanching back to normal was seemed. 
readings obtained were taken to represent close approximations 
capillary pressure. 
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The physiological basis of this method is disputed by Krogh and 
Rehbei'g, 22 who maintain, on the basis of their work, that the capillary 
dilatation with histamine is an active one. Also, and what is more 
important, different workers with the device obtain widely varying 
results. Thus, Weiss and Ellis 29 (1929), using the same method, get 
measurements about one-fifth those of Lewis and Haynal. At any rate, 
it is difficult to see how a method which produces abnormal changes in 
the smaller vessels of the skin could be used to measure accurately 
the normal pressure in these vessels. 

Most of the modern methods for measuring capillary pressure utilize 
visualization of the capillaries in the nail-bed as a basis. 

Heuter 24 (1879) was the first to observe living capillaries in the 
human. Lombard 23 (1911) was the first to put this observation into 
practice by utilizing it in measuring capillary pressure. He placed a 
drop of glycerine at the base of the nail, focussed on the area with a 
microscope with a magnification of 65x, and saw entire capillaiy 
loops with the streaming of corpuscles in them. Anatomically, the 
capillaries in the skin papillae are arranged vertically everywhere 
except at the base of the nail, where they lie more or less horizontally. 
For this reason, only the top of the capillary loop can he seen in other 
Parts, while at the base of the nail the entire loop can be examined 
(Spalteholtz 26 ; Callander 27 ). 

Lombard (see Fig. 1 A) applied pressure to the skin by means of 
an open capsule filled with glycerine. Glycerine is a very poor medium 
for conducting pressure. Because of its high viscosity, pressure 
changes are transmitted only slowly. Krauss 2S (1914) used a chamber 
covered at one end by goldbeater’s skin. Pressure was applied by 
means of a bulb connected to a manometer which measured the ten- 


S10n - A Magnification of lOx was used. Although Krauss claimed to 
the cutaneous vessels, his index was probably skin blanching., 
mizei and Hooker 16 (1920) (see Fig. 1 C) devised a method based on 
P 1 * n °iples of tile Krauss instrument. They emplojmd a capsule which 
^ as | ess cumbersome, but which was also covered by goldbeater’s skin, 
ffiicioscope was used to determine their end-point. Kylin 29 (1921) 
see Fig. 1 A) also constructed an instrument on similar principles, dif- 
only in size and form of construction. The results obtained by 
eorres P OU( l closely, and are probably as accurate as can 
me°t a ^ UeC ^ ^ the indirect method. Clinically, however, these instru- 
nml S f 31 CSei1 ^ ^ wo important practical difficulties. Goldbeater’s skin, 
curabl l0m ^ ie ° ll ^ er coa ^ the cecum of an ox, is not readily pro- 
cult, ( y n fllis , C0llntl T- The technic of making it transparent is diffi- 
toemb^ ! CVen * n ex P erieneec t hands, about 80 per cent of the prepared 
t}j es l„. anes aie unfit for use. When employed with best precautions, 
not. be y 00 ^ eC ^ S anc t clouds comparatively quickly. Since it can- 
c eaned satisfactorily, it is then of little value. Furthermore, 
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these methods require the services of two men, one to watch the capil- 
laries, the other to apply and record the pressure. Thus, we found 
these methods not to be as clinically practicable as their author claimed. 

The use of an elastic membrane for transmitting pressure lias been 
attacked more recently. It has been maintained by Guillaume 30 (1924) 
and Rajka 31 (1926) that all the pressure produced is not transmitted 
to the capillary because of the loss on the sides of the finger due to 
elasticity of the membrane. These workers also have asserted that to 
be available as a clinical method any device for measuring capillary 
pressure should be operable hy one man. Guillaume ( see Pig. 1 E ) 
constructed a simple lever from which projected a small piece of glass 
of known area which made contact with the finger. At the end of 
the lever was a cup into which weights could be dropped to apply 
pressure. Unfortunately, there was no simple means of grading the 
pressure applied. To get accurate results would necessitate consider- 
able manipulation of weights with attendant consumption of time. 
Rajka (see Fig. 1 F ) devised a complicated device for applying pres- 
sure through a rigid surface. The great amount of inertia in the 
system probably explains his low readings. It is obvious that capil- 
lary pressure must be higher than venous pressure. The figures ob- 
tained by this investigator are lower than the accepted values for 
venous pressure. Resides, this method requires too complicated a de- 
vice for practical work. 

Measurements of normal human capillary pressure as obtained by 
these various methods are: 


I. Measurement of arteriocapillary pressure: 

a. Mosso 2 

b. Gaertner 3 

c. Kreidl 4 

II. Measurement of actual capillary pressure: 

A. Direct methods: 

1. Intubation methods: 

a. Carrier and Reliberg 3 

b. Landis® 

2. Bleeding methods: 

a. Basler® 

b. Weiss® 


1895 

1899 

1902 


1922 

1930 

1914 

1914 


B. Indirect methods: 

1. With skin blanching: 

a. Using normal skin coloration: 

(1) von Kries 10 

Natahson 32 (von Kries method) 

(2) von Basehii 

(3) von Recklinghausen 13 
Krogh and Beliberg 22 (von 

Recklinghausen method) 

(4) Basler 13 

Landerer 33 (Basler method) 
Goldman 3 -* (Basler method) 

(5) Marks 14 
(G) Hillso 
(7) Ariola 15 


1878 

1886 

1900 

1906 

1928 

1912 

1913 

1914 
1920 
1920 
1925 


60-70 nun. Hg. 
60-80 
55-65 


4.5-7.5 

12-32 

7.7-13 

10 


24- 38 
71 

25- 30 
55 

5- S 
7- 9 
17-25 

r r* 


10 

10-14 
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b. Using histamine flares: 



' (1) Lewis and Hnynal 21 

1028 

50-00 

(2) Weiss and Ellis'- 3 

1029 

6-12 

With direct visualization of capillaries 



a. Pressure applied by rigid surface: 



(1) Lombard 23 

ion 

30-45 

(2) Guillaume 3 0 

1024 

18-2S 

(3) Bajka 31 

102C 

1- 2 

b. Pressure applied by elastic capsule: 



(1) Ivrauss 23 

1014 

10 

(2) Danzer and Hooker 10 

1020 

20-24 

Boas 33 (Danzer and 



Hooker met bod) 

1022 

20-30 

(3) Kyi in 2 « 

1021 

13.0 

Bomingcr 30 (Ivylin method) 

1023 

S 

Licbesny 3 " (Ivylin method) 

1023 

32.5 

Nevermann 33 (Ivylin method) 

1024 

0-11 

Grzechouriak 3 " (Ivylin method) 

1024: 

0-14 
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A glance at the foregoing table reveals the markedly varying results 
•which investigators using the same or similar methods have obtained. 
The discrepancies are probably best accounted for by: (1) differences 
in the criteria of the end-point of a determination; (2) marked differ- 
ences in the time required to take a reading — a fact which has an im- 
portant bearing on the accuracy of the results, as will be indicated 
presently. 

It would appear, therefore, that an indirect method which permits 
of a definite end-point, and which also enables even an unskilled oper- 
ator to take a reading in a very short time, would be the method of 
choice for routine clinical application — provided that it were shown 
to be sufficiently accurate. We have devised a new method for the 
clinical determination of human capillary pressure, which, in our 
opinion, meets these requirements. 


APPARATUS AND METHOD 


Essentially the apparatus consists of a lever (Pig. 2 D [a.]), a spring 
(d), a finger rest (e), and a scale (c). The lever is approximately 20 
cm. long. At one end it contains a circular plate of glass (b) to which 
] s attached a smaller plate of glass (f), 2 mm. in diameter. Between 
le glass and the fulcrum, a screw is inserted into the lever which has 
3 taelied to it a spring (d), the other end of which is attached to the 
j 9Se ^ le instrument. On the lever rests a movable rider (g), used 
*! ea Nation of the instrument. The pointer of the lever is in pro- 
^iqmty to a scale. A rest (e) is provided for the finger, which can 
aj sed oi lowered at ease in a vertical plane to bring the latter into 
a <I'ust le ^ a ^ ons ^P to the glass (f). The lever can be kept level by 
The^ 161 ^ ^ le screw which regulates the tension of the spring. 

_ 6 m strument can be placed conveniently on the stage of a micro- 

“T and clamped there to 


used 


prevent movement. Reflected light is 


fhe cl ^ 1<! s ^ ron S er the light concentrated at the point of examination, 
eai ei the view of the capillaries obtained. Good results, how- 
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ever, can be obtained by placing an ordinary microscope lamp on the 
base of the instrument, which is on the stage of the microscope, so 
that the light is concentrated on the finger. A magnification of about 
90-100xis used. 

Calibration of the instrument is simple. A known weight (w) is 
placed on the rider which is on the lever. Then we know that: 

I. AD-X, = AC-w 
and 2. AD ■ X, = AB • P 

"-lienee 3. P - X, 

where AD, AC, and AB are distances in cm. along the lever; X, is the 
deflection in cm. caused by the weight on the rider ; X 2 is the deflection 
in cm. caused by the measurement of capillary pressure; and P is the 
weight in grams pressing on the capillaries. To change P from weight 
in grams to pressure in grams per square centimeter, the right side 
of equation 3 is divided by the area of the glass (f) which is in con- 
tact with the finger. The equation then becomes: 

4. Pressure (gm./sq. cm.) ==» X 

where R is the area in square centimeters of the glass (f). Since 
pressure in grams per square centimeter is equal to pressure in centi- 
meters of water, to change the reading to millimeters of mercury 
pressure, the right side of the equation is divided by the factor 1.36. 

The rider is so placed on the lever that AC equals AB, thus simpli- 
fying the formula. It. now becomes: 

5. Pressure (mm. llg.) — X. ^ -r 1.36 

The quantities w and R. are known and constant. In short, to calibrate 
the instrument at any time, the weight is placed on the rider, the 
amount of deflection caused is noted and by simple arithmetic a factor 
is found which when multiplied by the deflection obtained in measur- 
ing capillary pressure gives the pressure directly in mm. Tig. The in- 
strument which is pictured herewith is calibrated so that each mm. on 
the scale equals 2 mm. Tig. pressure. 

A reading is taken as follows. The patient is at rest in the sitting 
posture with his hand, well supported, at heart level, to obviate dif- 
ferences due to hydrostatic pressure. A drop of cedarwood oil is 
placed on the finger at the nail-bed. The finger is placed on the 
r est (e), and raised by means of the screw so that the glass (f) comes 
in contact with the skin at the nail-bed. By watching the move- 
ment of the lever on the scale, the point of contact is easily deter- 
mined. The microscope is then focussed on the capillary bed through 
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the glass (b). Pressure is easily applied by means of the screw, rais- 
ing the finger rest against the lever. The other hand manipulates the 
focus of the microscope. When the end-point is reached, the pressure 
applied is read oft’ directly on the scale in mm. Ilg. One person can 
easily make a reading. 

Readings are taken on two or three capillaries in the same finger 
and the results averaged. The finger of choice, we find, is the ring 
finger, because it is usually the best preserved as far as the skin at 
the nail-bed is concerned. The procedure is repeated on the middle 
finger, and the results of both fingers are averaged as the mean capil- 
lary tension. With a little practice, the entire process need not take 
more than five to ten minutes. 

As an end-point we use the initial slowing in a medium-sized capil- 
lary. Only the more superficial capillaries are used; that is, those 
which come into view first. Initial slowing is not a difficult end-point 
because appreciable slowing is rather sudden in occurrence. Plow 
does not seem to be impaired until a certain amount of pressure is 
applied, when an abrupt slowing takes place. The reasons for choos- 
ing the end-point we did are: (1) It is definite. Readings on the 
same capillary several times give almost identical results. During a 
pressure determination a point is reached when a slight increase in 
pressure applied causes a marked slowing in capillary flow. This point 
remains more or less constant in successive readings. (2) It is ac- 
curate. Pressure applied on the outside of a capillary has no effect 
on its caliber or flow until it equals the pressure within the vessel. 
When the latter situation occurs, the flow is hindered. Increased ex- 
travascular pressure hinders the flow progressively until complete 
cessation occurs. It is obvious, then, that the most accurate end-point 
is the initial change in rapidity of flow. As mentioned above, this 
change, fortunately, is rather sudden, thus making it available as a 
convenient and definite end-point. 

The results obtained by Landis, 0 using the method of direct micro- 
injection of capillaries, are probably the most accurate representations 
of true capillary pressure, as indicated above. The fact that our re- 
stdts correspond closely to his is an important bit of evidence that our 
instrument is accurate, and that our end-point is correct. 

To determine whether the factor of skin elasticity played an ap- 
preciable part in indirect measurement of capillary pressure, we took 
readings on men and women with varying textures of skin at the 
nail-bed. Readings did not differ materially. This finding is in ac- 
cordance with those of other investigators using indirect methods. 
(Danzer and Hooker 10 ; Boas. 3 ') 

Besides being very convenient, the fact that readings can be taken 
rapidly increases the accuracy of the results. Initial pressure applied 
falls on the superficial venous plexuses, causing a retardation of fiov 
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and back-pressure to the capillaries, increasing the tension in the lat- 
ter vessels. The greater the delay in raising the external pressure to 
that- within the capillaries, the greater the back -pressure. The short 
time which is consumed in taking a reading with our instrument prac- 
tically obviates this difficulty. 


RESULTS 


Readings were taken on fifty subjects. Of these, thirty were not 
hospitalized, and twenty were confined to the hospital for conditions 
unrelated to the cardiovascular, renal, or pulmonary systems. All the 
subjects had diastolic blood pressures between (>0 and 80, and systolic 
blood pressures between 110 and 180 mm. llg. The group consisted of 
forty males and ten females. The temperature of the room in which 
observations were made was about 20° C. Determinations were made 
on fingers which were normally warm. 

An example of how results were tabulated follows. 


P. M., normnl white mate, aged 24 years. Temperature of room — IS® C. Fingers 
normally warn. Texture of shin soft. Blood pressure — 124/7(5. Capillary pressure: 


1. Ping finger : 

a. 1st capillary 22 mm. llg. 

b. 2nd capillary 24 

c. 3rd capillary 20 


2. Middle finger: 

a. 1st capillary 24 mm. llg. 

b. 2nd capillary 10 

e. 3rd capillary 20 

Mean capillary pressure: 21.5 mm. llg. 


Average — 22 mm. llg. 


Average — 21 mm. llg. 


Variations in readings on the same individual in different capil- 
laries were slight : 

5 cases showed a variation of 0-1 mm. Hg. 

32 cases showed a variation of 2-3 mm. Hg. 

13 eases showed a variation of 4-5 mm. Hg. 

Results obtained in the series of fifty individuals were as follows: 
20 per cent of the readings were 18-21 mm. Hg. 

70 per cent of the readings were 22-25 mm. Hg. 

10 per cent of the readings were 26-29 mm. llg. 

It will be seen that these results correspond closely with those ob- 

tained by Landis. 




been^ e !‘ 10< * S ^ ^ f eterm i nat i° n °f human capillary pressure lia 1 
of Jr" 6 * f nd critieisni llas been attempted from the viewpoin 
1 aey anc I °I clinical applicability. 

use nT? ls descnbeii "' Mcl ' >s easily applicable to routine clinic 
Tie resu!ts oM^ed fall well within those obtained by « 



818 


THE AMERICAN HEART JOURNAL 


method of direct intubation of Landis, thus leading us to believe that 
they are substantially accurate. 

3. The average capillary pressure, in the normal individual we find 
to. be 18-29 mm. Hg. 

The authors wish to express their appreciation of the efforts of Dr. Roger R. 
Estey, who carefully examined and corrected the physical principles of the instru- 
ment, and of Klett Mfg. Co. in New York City, who constructed the instrument. 
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CORONARY THROMBOSIS WITH COMPLETE HEART-BLOCK 
AND RELATIVE VENTRICULAR TACHYCARDIA 
A CASE REPORT® 


Audley 0. Sanders, M.D. 
Palo Alto, Calif. 


T HOUGH Levine 1 states that with coronary thrombosis almost any 
form of cardiac irregularity may be found, he also states that one 
of the more uncommon occurrences is the development of complete 
heart-block. In the 145 eases of coronary thrombosis which he re- 
ports, complete heart-block was known to have occurred in hut two 
eases. In one of these a ventricular rate of 28 was recorded. The 
ventricular rate of the other case is not given. He reports that parox- 
ysmal ventricular tachycardia developed in five 'cases of this series. 

Numerous cases of complete heart-block with ventricular tachy- 
cardias have been reported as developing in patients who were re- 
ceiving massive doses of digitalis, 2 - 3 - 4 - 5 and it has been generally 
accepted that the digitalis was a causative factor in the production of 
these ventricular tachycardias — of the ventricular tachycardias of the 
“supra-ventricular form” as well as of the paroxysmal form. How- 
ever, in 1928, Carr and Reddick 4 reported a case of complete heart- 
block with an auricular rate of 110 and a ventricular rate of 83 in a 
young woman, with mitral disease and acute arthritis, who had not 
received digitalis. Other and similar though less definite cases have 
been reported, but without statements as to digitalis medication. It 
therefore seems possible that relative ventricular tachycardia may 
not. be of rare occurrence in cases of complete heart-block where 
digitalis can be entirely excluded as a causative factor. Such a case 
is here reported. 

CASE REPORT 


A practising physician, 56 years of age, who for many years had cons id. end 
himself to be in perfect health, was taken suddenly, while driving home to lunch, 
with an agonizing pain in the region of the lower part of the sternum He ^ 

able however, to control his automobile until he reached his home, v. ‘ 

a ^ di S t»L ™, His wife helped hi.., free, the street to the »•* »« 
that he was very ill. Aheet this time ho began to von,, , and he , f « <» 
os he entered the house. A neighboring physician lvos at ins side , . 

This physician carried the sick man to a bed and thought that he a. . B- 
radial pulse was not palpable and his heart sounds were very faint. 

•Published with the permission of the Medical Director of the U. 

Bureau. 
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* thp sternum. Tlie radial pulse was 
more severe than was the pain in tlie region soullds were faint, but the 

now 44: and quite regular, but very soft. 1 however, ob- 

ventricular rate was the same as that of the “' jugulars seemed to have 

served at this time that the visible impulses of the extern j s 

twice the rate of the arterial pulse. _ . v f After 

One or more nitroglycerin tablets had already been gii en, y" etf ect a 

the contents of several ampules of amyl nitrite had been m m e 
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quarter of a grain of morphine was given hypodermically. The morphine controlled 
the pain rather well. He slept a little and then remained quiet for about two 
hours. From that time morphine was given freely in the attempt to control the 
pain which continued to be severe. For some five or six hours, throughout the 
afternoon, the pulse remained at 44 and the rhythm continued quite regular. The 
pulse became much stronger and the heart sounds became somewhat clearer as the 



and there were occasional dropped beats at irregular intervals, 
afternoon advanced. Early in the evening, the pulse rate increased to about 70 
Though the sick man had morphine during the night, he rested very badly, and 
his chest and arm pains were very distressing. He was taken to the hospital earl.' 
the next morning and electrocardiographic records (Fig. 1) were taken at 0 A.M. 
The electrocardiograms showed an advancing, 3-to-2 heart-block, together with the 
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characteristic evidences of coronary thrombosis. A leucocyte count was reported as 
12,000. At 3 p . xt. the temperature was 09°; in the evening it was higher. All 
later temperature records showed elevations above normal. On the morning of the 
second day in the hospital the leucocyte count was 10,000. A blood Wassermann 
was reported negative. The second electrocardiographic records (Fig. 2) were 
taken on the morning of the second day in the hospital. These electrocardiograms 
showed complete heart-block with an auricular rate of 120 and a ventricular rate of 
70, each rate being quite regular. 

During the patient’s second day in the hospital, to-and-fro pericardial friction 
sounds were heard. He complained now of severe pain in his neck, in addition to 
the chest and arm pains. He was also much distressed by abdominal ‘ ‘ gas pains, ’ ’ 
and his respirations were labored. He grew steadily worse and died at 7 :30 A.M., 
the third day in the hospital. 

This patient received no digitalis or any other heart stimulant prior to or during 
his final illness. 

Auiopsy . — The body was that of a small man, 56 years of age. The pericardial 
fluid was slightly increased and cloudy. A thin, shaggy layer of fibrinous material 
was attached to the anterior surface of the heart. The major portion of that 
area which represented the surface of the right ventricle showed the dark purplish 
discolorations characteristic of infarction. The heart weighed 260 grams. The 
cardiac valves were all quite normal. No mural thrombi were found. The in- 
farction seemed to involve the greater portion of the outer wall of the right 
ventricle, recent, degenerative changes being found by section to extend to the apex 
and to the interventricular septum, both anteriorly and posteriorly. No definite, 
degenerative changes were found involving the left ventricular myocardium. No 
fibrous areas suggestive of old myocardial lesions were found. The aorta was 
smooth and quite free from atheromatous changes. The coronary openings were 
unobstructed. However, on dissection of the right coronary 'artery, it was found 
to be much thickened, hard and slightly nodular, though the lumen seemed to be 
unobstructed for the first 2 cm. Then, a recent, dark thrombus was encountered. 
This thrombus was traced well into the infareted myocardium. On dissection of 
the left coronary artery the walls were found to be remarkably soft and normal in 
appearance, no sclerotic changes being evident. 

COMMENT 

Clinical observations made soon after the onset of the attack led 
to the impression that a 2-to-l heart-block was present. It seemed 
that after a few hours the conduction improved to the extent that 
onty an occasional auricular impulse failed to bring a response from 
the ventricles. On the second day conduction was progressively fail- 
ing. On the third day complete A-Y disassociation was present with 
a ventricular rate far in excess of that which is commonly assumed to 
be the inherent rate of contraction of the ventricular myocardium. 
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AURICULAE FLUTTER IN A NEWLY BORN INFANT® 

Report of a Case 

•James G. Carr. YD, axd William B. McClure, M.D. 

Evaxstox, III. 

A URICULAR flutter is an infrequent event in children. In 1929 
L Willius and Amberg 1 reviewed the literature of paroxysmal 
tachycardia iu children. They found reports of only six cases of 
auricular flutter. The youngest patient in the latter group was an 
infant of three months. Sir Thomas Lewis- reported the case in 1915. 
We have found no reports of other eases of flutter in children since 
the publication of the paper of Willius and Amberg. 

Dressier and Lowr believe that many of the cases reported as au- 
ricular paroxysmal tachycardia are in reality cases of flutter, and 
make this statement: “The reports of cases in which no graphic reg- 
istration is included appear to justify the opinion that here we are 
usually dealing with flutter, inasmuch as the pulse frequency observed 
in these eases is often of such a height (220-260) as is commonly found 
only in flutter. 1 * - Even though this surmise may be correct the inci- 
dence of flutter in childhood is far from common. 

In this connection, reference should be made to the cases of parox- 
ysmal tachycardia reported by de Bruin 4 and by Doxiades 5 since 
Willius and Amberg published their paper. De Bruin’s case was one 
of paroxysmal tachycardia in an infant of five weeks. The cardiac 
rate was 280. An electrocardiogram was not obtained. Doxiades 
reported four paroxysms of tachycardia in an infant beginning when 
the patient was seven days old. In the second attack the rate was 240. 
The electrocardiogram was interpreted as that of an auricular tachy- 
cardia, but it is significant that the rate after the subsidence of the 
attack was half that of the rate during the paroxysm. 

The case which we are reporting is the first, so far as we can find, 
in which the flutter was present at birth. The cardiac irregularity 
was noted occasionally before birth. 


REPORT OF CASE 

A white female infant, weighing 10 lb. 1 3 1 A ounces, was horn at term bj 
cesarean section on October 20, 1030. Dr. Charles E. Galloway, the obstetrician, 
states that the mother had had periods of uterine bleeding during early preg- 
nnnev which necessitated her remaining in bed most of three months (February 
to .Tune). During frequent examinations up to September 10 no abnormal fetal 

•From the Department of ^teelicine of the Kvanuton Hospital. 
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heart sounds were noted. On October 7 the fetal heart tones were very irregular, 
of* a variable type which was unlike any other fetal heart irregularity which he had 
ever heard. Dr. Galloway considered it an exaggerated sinus arrhythmia. During 
uterine contractions of labor, the irregularity became accentuated and at times 
the heart tones could scarcely be heard. Following rupture of the membranes, 
the heart tones were not heard for about five minutes. When labor had lasted 
thirty hours, with complete dilation of the cervix but without engagement of 
the head, and with the fetal heart sounds irregular, cesarean section was done. 

On September 30, Dr. Philip II. Smith found the fetal heart rate about 160 
per minute with some irregularity of a constant type. On two occasions during 



Dr. I- Electrocardiogram 
hours after birth. 


taken October SO, 1930, about twenty-six and one half 
Note flutter, with irregular block in Lead I. 


be int 16 exam ’ ne< ^ ^ iC f e tal heart and noted a marked variable irregularity which 
i s Ofjm as s * nus arr hythmia. This irregularity was different from that which 
At birtf 1 at 6n ^ ° f tlie seeond stage of labor when tlie baby is in distress, 
starting- *' ^ ^ A ’ M ' ) October 29, because breathing was somewhat slow in 

The hif CSV f C ^ a ^ VG ineasures Avere used, after which the baby’s color was good, 
after birth ^ ^ USt . S6en one us (McClure) at this time, about six minutes 
180 a minute ie fi respiratoi T movements were rapid. The heart beats were about 
much more ra ' marked arrll ytlimia at times ; there were also short periods of a 
Ce pt for the aT and ° f a muc]l blower one. No murmur was heard, and ex- 

normal heart action and rapid breathing, the infant seemed normal. 
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At 5:30 P.M. the respiratory rate was 60 a minute. The heart rate and rhythm 
were' still variable and were definitely influenced by the deeper respiratory move- 
ments. 

At 9:30 a.m., October 30, the heart sounds were regular for longer intervals 
with the rate between 1SS and 192 a minute. When the infant held her breath 
momentarily before crying, there was a marked slowing with a gallop like rhythm 
for a few beats, with a return to regular, rapid beats when she relaxed. The baby 
had regurgitated dextrose solution feedings during the night. 

At 5:15 p.ji., October 30, while the infant was sleeping, the respirations were 65 
a minute and the heart sounds which were regular, were 192 a minute. Irregularity 
occurred only when she was awake and crying. 



Pig. 2. — Electrocardiogram taken October 31. 1930, with motor speeded up. Flutter 
with 2-1 rhythm: 3-1 noted once in Lead II. 


At 10:45 A.M., October 31, the infant’s color was good. The heart beats were 
192 a minute, becoming irregular when the child moved and made sounds. 1 lie 
respiratory rate was GO to 64 a minute. During the previous night, on two oc- 
casions, the baby had manifested cyanosis about the mouth and face. 

During the first three days of November, on several occasions there was slight 
cyanosis. The baby regurgitated a number of times and cried considerably . 1 here 

was no significant change in the heart action. During November 4 to 7 inclusive, 
the baby appeared well but the heart action remained the same. There was slight 
cyanosis only when the infant cried. She had been considerably more fretful and 
restless than is usual at this age. 
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On the morning of November 8, the child was no longer fretful and restless 
and had slept all night. On examination at 11 :1"> a.m. the heart rate was 144 a 
minute and the irregularity previously found on crying was no longer present. Sub- 
sequent examinations have revealed only normal heart action. 

A systolic murmur, indefinite on examination of November 16 and 30, 1030, and 
January 3, 1031, was heard faintly but definitely on February 1 when the child 
was unusually quiet. This murmur was systolic, heard loudest over the base of 
the heart, to the left of the sternum and faintly somewhat beyond the borders of 
the heart. The heart rate varied from 132 to 144 a minute with a normal rhythm. 
There was a slightly bluish tinge to the normal pallor about the mouth; the 



Ftg. 3. — Electrocardiogram taken November 5, 1930. Flutter with 2-1 rhythm : 3-1 

noted once in Lead I. 


cheeks were somewhat flushed and the color of the skin was good elsewhere. There 
was no cyanosis when the child cried. 


X-ray examination on the afternoon of October 20, 1930, showed during inspin 
tion, an upper mediastinal shadow of about 70 per cent of the width of the hear 
shadow. Dr. James T. Case, from roentgenologic studies, was of the opinion thn 
there was an enlarged heart and thymus. 

X-ray treatment for the thymus was given by anterior exposure on October 3( 
and by posterior exposure on October 31, and by both anterior and posterior 
No ™ mbe ;' 2S ; Fluoroscopic examination of the heart on November 
gn ° additional information except to confirm the rapid heart beat. X-ra 
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examinations on November S and 28, 1D30, and January 31, 1931, showed no 
definite evidence of enlargement of the thymus. The heart apparently was a little 
larger than normal. 

When last examined, on March 8, 1931, the infant weighed IS lb. 4% ounces 
and was doing well. The heart action was normal. A slight systolic murmur was 
heard with difficulty. There was no cardiac irregularity and no cyanosis with 
crying. 



Fig. 4.— Electrocardiogram taken November 8, 1930. Normal mechanism. Rate 142, 


SUMMARY 

The important features in this ease were: (1) a marked cardiac ir- 
regularity of a variable type which was noted infra ntero during the 
last month of gestation; (2) after birth, a tachycardia with a rate of 
180 to 192 beats a minute with periods of marked irregularity mvo v- 
ing both rate and rhythm of the ventricular beat— the deeper respira- 
tory movements, as with crying, markedly influenced these irregu- 
larities; (3) return to normal of the heart rate and rhythm on the 
tenth day after birth, with no recurrence of the abnormality; (4) es- 
tablishment of the diagnosis of auricular flutter by electrocardiogram 
made about twenty-six and one-half hours after biitli. 



CARR »t MG CLURU : AURICULAR FLUTTER IN NEWLY HORN INFANT 820 


REFERENCES 

1. Willius, Fredrick A., ami Amlierg, Samuel: Paroxysmal Tachycardia With 

Syncope Occurring in a Child, Am. .?. Dis. Child. 38: 351, 1929. 

2, Lewis, Thomas: Lectures on the Heart, New York, 191a, p. 110, Paul B. 

Iloeher. 

3, Dressier, Wilhelm, and Lowy, Moritz: Ueher paroxysmale Taehvkardia ini 

Kindersnltcr, Med. Klin. 22: 14S1, 192(1, 

4. do Bruin, M. : Paroxysmal Tachycardia in Infant, Nederl. tijdsehr. v. geneesk. 

74: 341;1, 1930. 

3, Poxiades: Klin. Wchnsehr. 9: tat, 3930. 



Department of Reviews and Abstracts 


Selected Abstracts 


Earcroft, Joseph' and Izquierdo, J. J.: The Relation of Temperature to the Pulse 

Bate of the Prog. J. Physiol. 71: 145, 1931. 

The object of the present paper was by a comparative study of the temperature 
coefficients of the hearts of certain cold and warm blooded animals to gain further 
knowledge of the point at which the nervous system commences to dominate the 
response of pulse rate to temperature and, if possible, to ascertain the nature 
of the nervous control if such were found to exist. It deals with the effect of 
temperature on the pulse rate of the frog. 

The excised frog ’s heart studied in winter time usually gives a linear relationship 
between the logarithm of the frequency of the sinus beat and the reciprocal of the 
absolute, temperature between 5° and 20° C. 

The value of Q 10 varied in the minority of cases, as the temperature rose the 
frequency decreased as compared with the above relationship. In the intact frog 
in winter the results were irregular. 

The excised heart of the frog in summer showed a different property. The fre- 
quency bore a nearly linear relation to the temperature. This was true also of the 
heart of the intact* frog. The relation of the frequency to the temperature was 
little if at all, influenced by doses of atropine of the strength which just sufficed 
to block the vagus. 

Barcroft, J., and Verzar, F.: The Effect of Exposure to Cold on the Pulse Rate 

and Respiration of Man. J. Physiol. 71: 373, 1931. 

Apart from spasmodic rises in the pulse rate associated with shivering, the pulse 
rate in man falls with fall of body temperature. The spasmodic rises associated 
with shivering may amount to 40 per cent of the original pulse rate. 

The respiration shows marked summation of inspiratory movements during the 
rigors which had very deep and sustained inspirations. The oxygen consumption 
increases during the shivering fits by as much as 75 per cent of its value during 

rest. 


Patten, Bradley M.: The Closure of the Foramen Ovale. Am. J. Anaf. 48: 

19, 1931. 

The author has studied hearts of over one hundred and sixty infants, ranging 
from newborn to the second year of age with especial reference to conditions at 
the foramen ovale. The cases were consecutive in the sense that thej »<■ 
every workable case which could be examined at first hand during the past three 
voars As a result of this study, the following summary is presented. 

The abandonment of the foramen ovale as an equalizing short cut ] ,ct ' vccn ' 
right and the left atrium is not an abrupt but a gradual process. At the close 
of embrvonic life the pulmonary circulation is of snflicient lolume > ■ 

oxygen intake and carbon-dioxide elimination, so that there is no necessit, of 
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assuming any revolutionary change in the course of blood through the heart at the 
instant of birth. Under the influence of the functional activity of the lungs, the 
pulmonary flow undergoes a. smooth steady rise during the first few weeks after 
birth The progressive diminution in the bore of the ductus arteriosus is con- 
comitant and indicative of the postnatal increase in volume of the pulmonary circu- 
lation. 

As the pulmonary circulation increases there is less compensatory flow through 
the foramen ovale from the right to the left atrium. This reduction in flow is 
evidenced anatomically by a parallel reduction in the fullness of the valvula 
foraminis ovalis, and the consequent diminution of the functional orifice to a pro- 
gressively narrower slit between the valvula and the septum. This first phase in the 
closure of the foramen ovale occupies approximately the first postnatal month during 
which time the pulmonary return is mounting to equivalence with the right atrial 
intake. Although a probe can still be passed freely behind the valvula, the foramen 
ovale may he regarded as functionally closed when this new intracardiac balance 
lms been attained and the valvula lies tightly against the septum. 

Then follows a period of six to eight months in which the connective tissue of 
the valvula increases from GOO to 700 per cent. Probe patency still persists but 
the size of the slit through which a probe may be passed progressively diminishes 
and the resistance to its passage increases with the increase in the thickness of the 
valvula. This second phase in the closure of the foramen ovale with its character- 
istic histological alteration is essentially the conversion of an originally movable 
flap-like valve into a fixed septal structure. 

Finally, coming leisurely in tlio wake of functional abandonment and as a 
culmination of the period of connective-tissue proliferation, is the adhesion of the 
valvula to become an integral part of the interatrial septum. There is great in- 
dividual variability in the age at which this final step in the obliteration of the 
foramen ovale occurs. A usual range rather than a specific time of final anatomical 
closure is all that can be specified. Substantiated cases of complete fibrous adhesion 
of the valvula to the septum under three months are exceedingly rare. The usual 
time of complete anatomical closure appears to be not earlier than the last third 
of the first year after birth and is frequently much later. 

Mere failure of the completion of the fibrous union of the valvula with the 
septum should be sharply distinguished from the frankly abnormal conditions in 
vliieh the foramen ovale remains inadequately guarded. Incomplete adhesion with 
piobe patency" is so common that it must be regarded as a variant of the normal 
rathei than as an abnormality. Approximately 25 per cent of all adult hearts show 
it in some degree. As long as the valvula foraminis ovalis adequately overlaps 
t <e limbus fossae ovalis, probe patency is no functional handicap to an otherwise 
normal individual. 


Borman, Milton C., and Meek, Walter J.: IV. Coronary Sinus Rhythm. Rhythm 
ubsequent to Destruction by Radon of the Sino- Auricular Nodes in Dogs. 
A-rcli. Int. Med. 47: 957, 1931. 

of t] 10 au ^ lors 111 this study have tried to determine the exact site of the initiation 

nodes* 3 ] Ca . r ^ ac ™P u ^ se bi dogs in which complete destruction of the sino-auricular 

observT' T** ^ 10 ^ l>ee ^ ^y ra don. Twenty-one animals were studied. The previous 

median' 1011 ^ n ° da * tissue of the coronary sinus apparently acts as a reserve 

auripio Sm> a , S a P aeemaker under conditions of experimental destruction of the sino- 
awmular node is corroborated. 

ferentiateT f * presented t5iat suggests that a coronary sinus rhythm cannot be dif- 
Pf the s’ r ° m a suui-auricular rhythm by means of an electrocardiogram, 
the co roi " 10 . lUmUlar TL ° de is destr °y ed gradually by radon, the nodal tissue of 
. smus assumes the function of pacemaker. It is probable that when the 
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sino-aurieular node is rendered funetionless by disease the nodal tissue of the 
coronary sinus acts as pacemaker. Permanent nodal rhythm cannot be produced 
by destroying the sino-auricular node with radon. 

The electrocardiographic changes in dogs following the destruction of the sino- 
auricular nodes by radon are : temporary reduction of the P-R interval which later 
becomes normal, slightly greater or slightly less than normal; decreased cardiac 
vagal tone; partial and complete sino-auricular block; partial and complete auriculo- 
ventricular block; nodal rhythm; coronary sinus rhythm; inverted T2 and T 3 and 
premature ventricular beats. 

Izquierdo, Jose Joaquin: Experimental Evidence of the Controlling Action of 

the Aortic and Carotid Sinus Nerves "Upon the Rises of General Blood Pressure. 

Arch. Latino Amer. de Card, y Hemat. 1: 193, 1931. 

Comparison of the blood pressure curves obtained by stimulating the peripheral 
end of the splanchnic nerves by a constant cardiac stimulus under similar conditions, 
first with the two sets of aortic and carotid sinus nerves intact and then with 
these nerves partially or totally eliminated, was made in connection both with their 
maximal height, measured in mm. Hg, and with their form, specially the variations 
of the “step” or “dip” which occurs shortly after the beginning of the rise. The 
following results were obtained: 

1. In the normal condition, the height reached by the splanchnic pressure curve 
is notably reduced by the action of the aortic and carotid sinus nerves, particularly 
the latter. 

2. The typical and constant feature in the normal splanchnic pressure curve is 
related to the activities of the aortic and carotid sinus nerves, particularly the 
latter. 

3. The two carotid sinus nerves and the two aortic nerves alone, are capable of 
exerting the same inhibiting effect upon the height and of producing the “dip” in 
the splanchnic pressure curve. Of the two pairs of nerves, the sinus nerves are 
those which exert the more important inhibitory effect. 

4. When a single carotid sinus nerve is left active its effects upon the height 
and form of the splanchnic pressure curve are often considerable. 

5. Tying off of both adrenals at the beginning of the experiment or after 
partial or total suppression of the aortic and carotid sinus nerves does not modify 
the results in the rabbit, the hare and the dog. But in the cat the “dip” more fre- 
quently disappears after the ipsilateral gland is tied off. 

6. These two variations, namely in the height and ‘ ‘ dip ’ ’ in the curve are due 
to reflexes originating in the blood pressure receptors in the aortic and carotid sinus 
walls. 

7. Both series of changes are compatible with the view that the rise of blood 
pressure produced by stimulation of the splanchnic nerve represents the balance 
between two factors working in the opposite direction, (2) the direct vaso-pressor 
effect, (vasoconstriction in the splanchnic area), and “b” the indirect, vaso-de- 
pressor effect (aortic and more especially carotid sinus reflexes) evoked by the rise 
of blood pressure. 

Chillingworth, Felix P., Haskins, Frank E., and Casey, Gertrude U".; Assay of 

Tinctures of Digitalis. Jour. Lab. & Clin. Med. 16: 850, 3931, 

The object of this survey was to determine to what extent tincture of digitalis 
as dispensed in representative drug stores of metropolitan Boston conformed in 
strength to the standard laid down as official in the United Stated Pharmocopca. 
Although this is strictly speaking a local survey, the results are none the less 
of general interest owing to the fact that more than seventy-five per cent of the 
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tinctures assayed are the products of commercial phannaccutieal houses whose 
tinctures of digitalis are depended upon by practiced physicians throughout the 

country. 

Eleven per cent of the tinctures assayed were above the U. S. P. requirements. 
In cases where massive doses are indicated, such over strength is especially danger- 
ous. This percentage could not be explained by frog seasonal variation. 

The evidence offered bv this survey indicates that the variation in potency found 
in the tinctures varied less than that showed by other similar surveys. The authors 
believe that further improvement will take place when all manufacturers market 
their tinctures in sealed one-ounce bottles giving an expiration date. 


Powers, John H., Pilcher, Cobb, and Bowie, Morris A.: Some Observations on the 

Circulation in Experimental Mitral Stenosis. Am. .T. Physiol. 97: 405, 39111. 

The purpose of this report is to present observations on the cardiac output of 
5 dogs with experimental mitral stenosis. Since the animals had been utilized 
previously for some work on the blood volume of normal dogs, these studies were 
repeated after the development of mitral stenosis and are included. Alterations in 
cardiac size as demonstrated by roentgenological examination are also recorded. 

The present consensus of opinion concerning heart, disease in general favors the 
premise that the cardiac output per minute is decreased in proportion to the extent 
of cardiac damage. Experimental evidence to support this contention, however 
is extremely fragmentary and is not sustained by the results of these investigations. 

The cardiac output, of 4 of the animals ranged between 104 c.c. and 230 e.c. per 
kilogram per minute; the average was 170 c.c. These figures are within the range 
of normal. The output of the fifth animal was distinctly elevated being 323 e.e. 
per kilogram per minute. 

The basal pulse rate was increased in four instances and normal in the fifth. 
The Mood pressure was elevated in only one case. An increase in the percentage of 
red blood cells occurred at the expense of the plasma. No significant changes 
were observed in the electrocardiographic tracings. Observations on the control 
animal showed no variations from the normal. 

The size of the heart as determined by the roentgen shadow showed a progressive 
enlargement in all five dogs. 


Katz, L. N., and Wallace, A. W.: The Role of Cardiac Ischemia in Producing 
&-T Deviations in the Electrocardiogram. Am. .1. M. Sc. 181: S3G, 3931. 


The three cases reported indicate that acute myocardial ischemia, depends not. 
nnl} on coronary occlusion and pericardial effusion but also on the competence of 
and its dilatation. They also illustrate some of the errors liable to creep 
ties ”' C station of the significance off the so-called “coronary R-T defonni- 

be S . These observations substantiate the findings that coronary occlusions can 
cardio norma * animals without changing the R-T segment of the elcctro- 

ogiam. It was observed that such changes in the R-T segment ensue when 


the 


myocardium becomes incompetent. 


LeWiS M,: Tlle Cli nical Significance of Abnormalities of the Electro- 
1Q graphic Complexes. New England ,T. Med. 205: 95, 1931. 

n°rmaUties* i0 f abstract form the usual interpretations passed on ab- 

. cardiogram” 16 va . rious com P lcxes of the electrocardiogram. Suitable electro- 
are pu Wished to illustrate the various points mentioned. 
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Drake, E. H.: The Use of the Electrocardiograph in the Study of Cardiac Arrhy- 
thmias, Bradycardia and Tachycardia, New England J. Med. 205: 92, 1931. 

The author reviews briefly the important points observed in electrocardiograms 
from patients with these cardiac disturbances of mechanism. 

Faulkner, James M.: Methods of Electrocardiography and the Normal Electro- 
cardiogram. New England J. Med. 205: 88, 1931. 

This brief presentation of the principles underlying electrocardiography and the 
description of the string galvanometer and the normal electrocardiogram gives a 
good idea of this field of physical examination. The brevity and clearness of the 
article makes it of value to beginners in the subject. 

Sproull, John: Roentgen Study of the Thoracic Aorta. New England J. Med. 205: 

83, 1931. 

The author describes the findings of the heart and great vessels on roentgen 
examination and then briefly summarizes the common conditions producing changes 
in the aorta and their characteristic attendant roentgen changes, 

Sosman, Merrill: Roentgen Study of the Heart. New England J. Med. 205: 80, 

1931. 

The author as a roentgenologist states that it is possible to assist in cardiac 
study in three ways: (1) by determining the exact size and shape of the heart 
and by making permanent records for future comparison; (2) by obtaining an 
idea through fluroscopic examination as to the character of the heart beat and the 
condition of the myocardium; (3) by identifying isolated conditions such as 
aneurysm, calcified pericardium, Hodgkins disease and other mediastinal tumors. 

Rosier, Hugo: Methods of Cardiovascular Study by the Roentgen Ray. New 

England J. Med. 205: 77, 1931. 

The chief value of cardiovascular x-ray examination is in the case of the follow- 
ing conditions: (1) emphysema, thick or deformed chests and other thoracic dis- 
eases; (2) dilatation of the left auricle; (3) calcification and dilatation of the 
descending aorta; (4) thickening and calcification of the pericardium; (5) mal- 
formations; (G) diseases of the pulmonary arteries; (7) lung stasis in cardiac 
decompensation; (8) luetic aortitis. 

The author describes the usual method employed in undertaking x-ray examina- 
tion. Particular emphasis is placed on the value of fluroscopic methods for ob- 
serving the motion of the heart. Orthodiograms and teleroentgenograms are also 
described. Mention is made of the value of plates made in oblique positions of 
tho chest. Mention is also made of the use of barium mixtures for studying the 
relationship of the esophagus, aorta and pericardium. 

Grimes, Eli: Effect of Intrathoracic Pressure on Arterial Tension. Arch. Jnt. 

Med. 47: S7G, 1931. 

The author states that if a person shuts off the outlet of air by closing the 
larynx or nose and lips and makes a forced expiratory effort the intrathoracic pres- 
sure rises and the blood cannot flow into the chest; hence the right side of the 
heart does not fill, the blood is soon pumped out of the lungs and the left ventricle 
likewise becomes empty, arterial circulation is momentarily suspended and the 
systolic blood pressure falls to zero. After the systolic pressure has fallen, respirn 
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iion is resumed and the systolic pressure rises from 50 to 150 above the patient's 
normal pressure. This rebound depends on the amount of blood, the elasticity of the 
arteries and the contractile force of the heart, Other conditions being constant 
the elevation in pressure is in inverse ratio to the elasticity of the arteries, there- 
fore the respiratory rebound is a measure of the elasticity of the arteries. 

A high respiratory rebound is the first indication of oncoming hypertension and 
of arterial fibrosis with or without high pressure. A person showing a high re- 
bound should be intensively studied for syphilis and nephritis. The test does 
not indicate the integrity of the heart, measure its efficiency or foretell its failure. 

Be La Chapelle, Clarence £., and Graef, Irving: Acute Isolated Myocarditis. 

ATch. Int. Med. 47: 942, 1931. 

A case of so-called myocarditis of unknown etiology is reported. Clinical and 
necropsy observations are compared with those in previously recorded cases. 

Progressive heart, failure was the outstanding clinical feature. The embolic 
phenomena noted during life and the evidence for the same found at necropsy are 
particularly noteworthy and possibly give a clue to the onset and duration of the 
lesion. The cerebral accident about eight and one-half months before death, the 
healed infarct in the kidney and the probable pulmonary infarct about six weeks 
before death suggest that the intracardiac thrombi were present for some time. 
The heart weighed 600 grams and exhibited marked hypertrophy lending further 
support to the contention that the disease had existed for a period of months. 

The diffuse and focal cellular infiltration consisting chiefly of lymphocytes, the 
new formation of blood vessels and connective tissue involving both the interstitium 
and the parenchyma, the well-marked deposits of organized connective tissue and 
the focal areas of necrosis account for the progressive circulatory failure. There 
were no vascular, perivascular or myocardial lesions suggestive of rheumatic in'ection 
and no Aschoff bodies were found. Electrocardiograms gave further evidence of 
the extensive distribution of the lesion. 


Willius, Fredrick A.: The Heart in Old Age. A Study of 700 Patients Seventy- 
rive Years of Age and Older. Am. J. M. Sc. 182: 1, 1931. 

This study is based on 700 patients 75 years of age and older who were care- 
fully investigated at The Mayo Clinic from August, 1914, to January, 1930, with 
special reference to the cardiovascular system. This group represented an incidence 
°f 1.1 per cent of persons who had undergone electrocardiographic examinations. 

The ages of the patients ranged from 75 to 96 years. Forty-seven per cent of the 
patients were aged 75 and 76 years. The numbers in the various groups diminished 
Fogiessively with advance in age; only 0.5 per cent were between the ages of 
and 96. The ratio of the sexes was 5 men and 1 woman. Seventy and three-tenths 
!>ei cent of the patients had systolic blood pressure of 140 mm. or more; only 9.7 per 
from lS< ^ S ' S ^°^ C kl°°d pressure of 200 mm. or more. The mean blood pressure ranged 
jq™ 1^7.8 mm. The diastolic pressure of 110 mm. or more occurred in 

and ^ u ^ se pressure of 60 mm. or more occurred in 69.6 per cent of cases 

that I 0 '" °/ ^ nun> or m °re in 20.7 per cent. It is evident from this study 

cliniea'i^^j 6118 ^ 011 ^ ^ K< rule * n a £ c< * patients. There were 315 patients without 
°f heart ° ^ ^ ear * ^ sease as opposed to 385 patients with clinical evidence 

Persons a S c< ^ patients, one gleans the impression that the majority of 

quality mp in T resence of evident heart disease, possess hearts of unusual 
had congests 2m P ress * 0n becomes strengthened by the fact that only 85 patients 
permits C onf ° lie f rt failurc ‘ The heart impaired or unimpaired by disease that 
°f unusual 'quaHt^ 011 *° anc * beyond the seventy-fifth year is an organ 
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Reinhart, Alfred S.: Evolution of the Clinical Concept of Rheumatic Fever. New 

England J. Med. 204: 1194, 1931. 

The author traces the history of rheumatism through the ages and stresses that 
portion of it which depicts successive recognition of the protean manifestations 
of rheumatic fever from the point of view of the historical evolution of the present 
concept, of the disease. References to the literature are frequent and many im- 
portant historical contributions are listed, particularly the early contributions 
describing the unusual features of rheumatic fever. 

The author believes that the extra articular and the extra cardiac manifestations 
of rheumatism have been receiving increasing attention and recognition, and that 
the apparent clinical rarity of some of these manifestations will become less marked 
as clinicians pay more especial attention to and look more carefully for their 
presence. He points out the important fact that there is a changing conception 
of the disease from a local affection to a generalized affliction. 

Boas, Ernst p.: Rheumatic Fever in Adult Porto Rican Immigrants. • Am. J. 

M. Sc. 182: 25, 1931. 

The author has studied native Porto Ricans admitted to Mount Sinai Hospital 
with rheumatic fever. Nine of the eases were severe and were similar to the type 
usually seen in childhood. This observation suggested that the increased virulence 
of the disease might be explained by the absence of rheumatic infection in Porto 
Rico results in a greater susceptibility of Porto Ricans on exposure to the disease 
in the United States where rheumatic fever is endemic. 

Registration of deaths shows that- rheumatic fever and rheumatic heart disease 
are very rare in Porto Rico. From the records available, the author has determined 
that rheumatic infection is not very common among Porto Ricans who have im- 
migrated to New York City. 

Clawson, B. J.: Experiments Relative to a Possible Basis for Vaccine Therapy 

in Acute Rheumatic Fever. J. Infect. Dis. 49: 90, 1931. 

The purpose of these experiments was to learn whether or not there may be an 
experimental basis for vaccine therapy in patients having acute rheumatic fever., 
Starting with the fact that there is a similarity between the state of allergy toward 
streptococci in patients with acute rheumatic fever and that in animals made 
hypersensitive to streptococci experimentally and with the fact that hypersensitized 
animals can be desensitized, the author attempted to desensitize hypersensitive 
animals by means of intravenous vaccination. 

The development or the non-development- of subcutaneous nodules was used in 
the detection of hypersensitiveness or desensitization respectively. If the develop- 
ment of these nodules can be prevented in animals it was considered possible that 
by a similar method to desensitize patients having acute rheumatic fever and to 
prevent further development of lesions. 

It. was found that rabbits made hypersensitive to streptococci can be desensitized 
by such intravenous administration of a streptococcic vaccine. Injections of doses 
of streptococci that produced marked lesion in hypersensitive animals have little or 
no effect on vaccinated hypersensitive animals. This protective phenomenon is not 
strictly type specific but seems probably species specific. Protection is uniformly 
associated with a high titer of agglutination while hypersensitiveness is not. From 
experiments reported in this paper the possibility of the use of intravenous vaccine 
treatment in patients with acute rheumatic fever is suggested. 
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Wilson, May G„ and Swift. Homer F.: Intravenous Vaccination with Hemolytic 

Streptococci. Am. .1. His. I ‘2: It'. 

The present investigation covers n period of ..Wvatmn of four years on n t'-inl 
, lf on , 1, un.lr, Ml and seventy-two children attending tin- Heart Hiim- of the Non- 
York Nursery and ('hildV Hospital. Approximately om-half ot the children to- 
reived intravenous vaeeinatioit and tlte remaining number. a comparable group, were 
observed as eontr.d series. Tin- vaccine mod was prepared at the hospital «f the 
ltockefeller institute. It consisted of a heat killed oeltme of honndyti.- .streptococcus 
strain Q X\ suspended in t»..*> pot cent phenoli/ed physiologic solution of sodium 
chloride so that 1 c.c. repiesented the tcpiivcd dose. The first injection consisted 
of micro-organism* and each Miiwcpu-nt weekly injection contained double 

that of the preceding one until the maximum of lit.mm.mm was reached and this 
dose was repeated until a total of from nine to twelve treatments had been given. 

The incidence of recurrence and manifestations of activity in both groups was 
comparable during two \v:ns, IPlNM-’s before vaccination was given. The yearly 
incidence of recurrence in the treated group was- levs than in the control gtoup 
during the two years pern. go after treatment. Forty five per cent of the treat ’d 
children ns compared with 11* per cent of the control* woe free ftoin reenrretn-e 
for periods of from sixteen mouth* to two years after treatment. 

The causal relation of intravenous vaccination with hemolytic streptococcal 
vaccine to the diminished incidence of recurrence observed is di*«*us*ed. Vina! 
judgment as to the causal relation nun! await the results of turtle 1 ! investigation. 
It would seem best at the present time to restrict the therapeutic application of 
intravenous vaccination in rheumatic children to control investigation. 


Selkirk, Theodore It., and Mitchell, A. Graeme: Evaluation of the Results or 
Tonsillectomy and Adcnoldotomy. Am. .1. lbs. child. \1\ <>, ltd. 

This study follows the methods commonly employed by other investigators in 
studying the effects of tonsillectomy and iidenoidotomy and includes one hundred 
and thirty children who had had operation. The authors analyze the physical find- 
ings and symptoms in this group of children subsequent to operation as compared 
with those previous to operation. In this serie* there were ten eases of rheumatic 
infection. The incidence of attacks of joint pains following operation is not stated 
in this article. In general, it was noted in this study that three years after ton- 
sillectomy and adenoidotomy there was a lessened incidence of colds, nasal obstruc- 
tion and sore throat while sinus infection, headache and growing pains were 
increased in frequency. 

i his paper is concerned chielly with the statement of the difiieuities surrounding 
the whole problem. The authors feel that this study of Ihe after results of the 
operation has added to their doubts of the possibility of analyzing satisfactorily 
their own personal observations and has increased their skepticism of the eon- 
elusions drawn from many of the studies made by others. They believe that no 
attention, or too little attention has been paid to certain modifying factors, prin- 
(ipnlh age, sex, nice, hoiedity, financial class, season, effect of adenoidotomv alone, 
length of observation after operation, source from which the history and other 
data are obtained, incidence of tonsillectomy in the com.mmitv at large and the 
suitability of tbc control j*rf>U]>. 

They state that many of the symptoms and conditions popularly supposed to 
be associated olio logically with diseased tonsils are those in which the natural 

? Kar<11 ° SS ° f “ ,C ' 0,,sUi( ‘‘‘ ,on '* v ««■*• known. U would seem 
hat the conclusions drawn from some of the studies which arc widely quoted as 

showing the effects of tonsillectomy are decidedly open to question because of failure 
to consider other factors in evaluating the results 
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Chapin, Laurence D.: The Treatment of Heart Disease in General Practice New 
England J. Med. 205: 220, 1931. 

The author relates briefly his opinions regarding the general aspects of various 
forms of heart disease as formed from general practice. His own personal experi- 
ence with his family led him to a keen interest in this subject which he has 
followed for a great many years. The material is general in nature but is interest- 
ing to record. 

Ramsay, Robert Ewart, and Crumrine, R. M.: Coronary Thrombosis, in an Infant 
Aged Four Months. Am. J. Dis. Child. 42: 107, 1931. 

Autopsy on the body of a girl aged four months eight days revealed coronary 
thrombosis. A photograph of the heart shows a thrombus in the vessel cut trans- 
versely in the distal portion of the vessel distended by the thrombus in situ. The 
wall of the left ventricle showed dimpling due to thinning of the muscle. A detailed 
description of the pathologic process appears in this report. The infant had been 
slightly ill with symptoms suggestive of some hidden infection. Following apparent 
recovery she became suddenly ill with distress and difficult breathing; death oc- 
curred in a few hours. 

Microscopic examination is in agreement with the summary of the gross exam- 
ination and confirms the supposition that the original lesion of the coronary artery 
was of an infectious nature, probably bacterial embolus. The embolus grew in the 
artery and produced increasing thrombosis until the occlusion was complete. 

Schwab, Edward H., and Sanders, C. B.: Aortic Aneurysm Rupturing Into the 
Conus Arteriosus of the Right Ventricle. Am. J. M. Sc. 182: 208, 1931. 

A case of acquired aneurysm of the ascending aorta with rupture into the conus 
arteriosus of the right ventricle is reported. The resulting physical signs simulate 
very closely those of congenital heart disease. 

Reid, William D.: Congenital Dextrocardia; An Apparently Unique Case. New 
England J. Med. 205: 151, 1931. 

A case is reported of congenital dextroeardia of the nonmirror image type and 
acquired stenosis of the aortic valve. A full report, including the findings on post- 
mortem examination is included. It is interesting that the roentgen plate con- 
firmed the clinical diagnosis of dextrocardia and by means of the fluoroscope it was 
disclosed that the cardiac apex was located in its normal relationship to the re- 
mainder of the heart, rather than to the light as in the mirror image type of 
dextrocardia. The case appears to be unusual also in that this type of congenital 
dextrocardia occurred without other congenital malformations of the heart. 

Arnett, John H., and Long, Charles-Francis: A Case of Congenital Stenosis of 
the Pulmonary Valve With Late Onset of Cyanosis. Am. J. M. Sc. 182: 212, 
1931. 

A case of a patient with simple congenital pulmonary stenosis is presented, who 
after an exceeding athletic career gradually developed localized areas of cyanosis 
believed to be due to the stasis of blood within dilated minute blood vessels of the 
skin. Physical examination established a diagnosis of heart disease suggestive of 
pulmonary stenosis. This was confirmed at autopsy. Death in this case cainc at 
the age of thirty-three as a result of carcinoma of the pancreas. Attention is 
called to the fact, that cyanosis due to vascular stasis is not uncommon in congenital 
cardiac disease and occurs in other conditions as well. 
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Ayxuan David: Essential Hypertension. The Diastolic Blood Pressure: Its Vari- 
ability. ' Arch. Int. Med. 48: SO, 1931. 

In se vcnt.y-six imselccted, untreated patients with essential hypertension, the 
diastolic blood pressure was found to fluctuate widely during periods of observa- 
tion extending in the individual case up to one and one-half years. The series of 
patients included those with advanced essential hypertension as well as those with 
milder forms. It was found 'that in all cases the diastolic blood pressure fluctuated 
over a wide range. The percentage of fluctuation was found to be as great as 
that of the systolic blood pressure. There was no appreciable difference between 
patients with severe hypertension and those with milder forms. 

The degree of fluctuation was found to vary to a certain extent with the num- 
ber of observations made on the patient: the more frequent, the observations, the 
greater the fluctuation recorded. The lowering effect- on the diastolic blood pressure 
of sitting in a quiet- room also seems definite and conversely, the elevating effect 
of excitement. There were no patients who had a fixed nonfluctuating hypertension. 

Sanders, Audley 0.: Postural Hypotension. Am. .T. M. Rc. 182: 217, 1931. 

In this case the symptoms of anemia of the brain came regularly with the up- 
right position and promptly disappeared with the lowering of the head to body 
level. These phenomena recurred quite constantly over a period of years. It is 
of special interest in this case that the symptoms began on a definite date with 
a definite experience. It. seemed reasonable to assume that a lesion of the autonomic 
system was incurred at that, particular time. 

McIIroy, Dame Louise, and Kendel, Olive: The Problem of the Damaged Heart 
in Obstetrical Practice. J. Obst. & Gy nee. Brit. Emp. 38: 7, 1931. 

The present communication is based on a series of 200 cases of heart disease in 
226 pregnancies which have been investigated during the last six years. The num- 
bers occurring in the different classes were as follows: 



PKIMlGRAVIDAfi 

MULTIPARAE 

TOTAL 

Class I 

35 

23 

58 

Class II (a) 

4S 

47 

95 

Class II (b) 

14 

49 

63 

Class III 

9 

S 

10 


99 

127 

226 


^ he enormous relative increase of multiparae in Group II (b) emphasizes the 
act that multiple pregnancies tend to lower the cardiac efficiency permanently, 
actual anatomical lesion found appears to have very little bearing on the 

P gnosis except in so far as the severer lesions obviously produce a greater 
Mechanical strain. 

earl ° e ^* C ^ en ^ treatment of heart disease complicated by pregnancy depends upon 

cai'diol' 11 * 01 '* 1 ^ exam * na ti° n a,1 <l the cooperation between the obstetrician and the 

an ni ^' l0 establishment of antenatal cardiac clinic is an essential part of 

an Metrical hospital. 

tor the^ ,! n fi ediCal treatment has diminished to a considerable extent indication 

d oes not' l . termination of pregnancy. Heart disease of moderate severity 

antenatal ^ )le . e ade successful pregnancy provided that efficient care throughout 
rest. o ne ^ en °, ’ deliver y an <t post natal period is exercised. The chief factor is 
damaged heart ’ ll0WCVer ’ ^ ear * n nl t n( t that every pregnancy is a big strain on the 
efficiency y ,pj ^, ia ^ even ™ the milder cases, recovery of its former functional 

o e time and in spite of every attention may be incomplete. In 
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severer cases, there is a distinct possibility of transferring a patient into a heart 
eategorj- of lower grade. 

It is more important to prevent a pregnancy taking place than to terminate 
it, since termination is only likely to be successful if performed in the early stages 
of pregnancy. 

Best, diet and general hygiene are of greater importance than drugs in the suc- 
cessful management of heart disease complicated by pregnancy. Labor should bo 
made as easy as possible by the employment of sedatives and intermittent, anesthesia. 
Delivery by foreeps may be indicated in order to shorten the second stage in severe 
eases. 

Yater, Wallace M., and Trewhella, Arthur P.: The Case Tor and Against the 

Operative Treatment of Angina Pectoris. Am. J. M. Sc. 182: 35, 1931. 

The authors report a ease of angina pectoris which had been severe enough to 
warrant the use of surgical procedure. They have also studied from the literature 
a group of 138 cases on whom neurectomy had been done for angina pectoris. They 
believe that the operative treatment for angina pectoris at present should be per- 
formed only in selected cases and by neurosurgeons who wish to study carefully 
the anatomy and physiology' of the innovation of the heart and aorta and the 
reasons for the postoperative complications. 

Levy, Robert L., and Moore, Richmond L.: Paravertebral Injections of Alcohol 

for the Relief of Cardiac Pain. Arch. Int. Med. 48: 14-3, 1.0 31. 

The authors have reviewed the literature, reporting fifty-seven cases and have 
described their observations on nine patients treated by them with paravertebral 
injections of alcohol for relief of cardiac pain. The technic of injection as de- 
scribed is relatively simple but the authors believe it requires skill acquired by 
experiments on a cadaver. 

They believe that there is relief of pain in a large number of patients and in one 
case, there was complete relief for sixteen months. There were no unfortunate 
results following the injection; occasional discomfort, fever, etc., may be noted. 
Two patients had effusion into the left pleural cavity following the injections. 

Paravertebral injection of alcohol offers a reasonably good hope of some relief 
to patients with paroxysmal cardiac pain. Pinal judgment as to its value and 
limitations must be reserved until more cases have been observed o'er longer 
periods of time. For the present, it should be tried only after carefully planned 
medical treatment lias failed to alleviate intense suffering. The method has a 
sound physiologic basis and is less dangerous than cervical sympathectomy. The 
basic pathologic condition in these patients is entirely unaltered, therefore patients 
in whom pain has served as a danger signal of overexertion should be warned, if 
relieved from attacks, against exceeding the functional capacity of the heart. 
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Heart Disease. By Paul Dudley White. The Macmillan Company, 

New York, 1931. Pp. 931, 119 illustrations. 

The author states that the need for a clear, concise and comprehen- 
sive presentation of the diagnosis and treatment of heart disease in 
the light of our present, knowledge caused him to write this book. It 
is intended chiefly for the use of students and practitioners. The book 
has been divided into four parts: the first deals with the examination 
of the patient and the analysis of his symptoms and signs ; the second 
discusses the etiological types and causes of heart disease; the third 
deals with the structural changes present in the heart and great ves- 
sels; the fourth takes up disorders of function. 

Not so many years ago the heart might justly have been considered 
a narrow field for specialization. Newer methods and rapid extension 
of knowledge have already made it difficult to keep fully abreast solely 
with the clinical aspects of the subject. Consequently in a book of 
this type in which there is great need for selection of material and 
condensation demanding the exercise of knowledge and judgment, one 
expects to find high lights and shadows. To the credit of the author 
he it said that the high lights are many, the shadows few and rarely 
dense. The book shows clearly the results of careful effort in its 
preparation. It has been shorn of most of the traditional error and 
deadwood that usually cling to textbooks. 

The most valuable discussion in the book is that which deals with 
the patient’s history. The art of history taking in these days of 
standardized forms is in danger, unless there are to be found those 
ii ho will resolutely oppose the tendency to regard tabulation of symp- 
toms, valuable though these may be for statistical purposes, as a satis- 
factory history. The author has not permitted himself to be misled 
b the glamour of newer methods of study into minimizing the value 
°f the history. On the contrary he recognizes the fact that the more 

* )lle ^ nows °f heart disease, the better the history he should be able 
to obtain. 

hi the section on physical examination, the part entitled “Examina- 

)r °^ lei ' ^ ian ^ arc ^ ac ” might, have been further elaborated with 
1 mfi.. The least satisfactory presentation in the book is that dealing 
1 aaseil hation. This is perhaps not the fault of the author; ad- 
thereY 11 seeras have stopped with Potain. Unfortunately 

Le\\V lfU G ^ een re Produced many of the sound tracings published by 
s appaiently without realization, at least without mention, of the 
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limitations of these tracings. There are numerous positive state- 
ments in this section which the reviewer believes to be either actually 
erroneous or subject to qualification. 

The text of the chapter on the highly important subject of cardio- 
vascular roentgenology is not quite up to the general standard of the 
book, although the illustrations are excellent. The author regards the 
cardio-tlioraeic ratio as the most useful single calculation of heart size. 
He barely mentions the area of the antero-posterior silhouette although 
this calculation is probably far more significant than that of the car- 
dio-thoraeic ratio. The importance of oblique views is appreciated but, 
curiously, nothing is said of the lateral view. 

The discussion of etiological factors is in some respects inadequate. 
This applies particularly to infections other than rheumatic fever and 
syphilis, and to a chapter designated “Other Etiological Factors and 
Relationships.” The extreme importance of etiology warrants more 
complete presentation, even at the expense (if necessary) of other 
subjects. 

The chapters on electrocardiography, abnormalities of cardiac mech- 
anism, angina pectoris, neurocireulatory asthenia are particularly well 
done. The discussion of treatment seems remarkably sound. The 
author has apparently divested himself completely of therapeutic 
superstition. 

A pleasing feature is the inclusion of extracts from papers of his- 
torical importance, thus adding greatly to the interest of the book 
and providing the reader with some of the background necessary to 
appreciate the present status of knowledge. It is to be hoped that 
these skillfully selected extracts will help to stimulate more wide- 
spread interest in the medical classics. 

The bibliography is excellent. The author wisely refrains from 
cluttering the text with references. At the end of the book titles arc 
arranged according to subject. Thus the reader has assembled for 
him a set of references which covers satisfactorily practically all sub- 
jects falling within the scope of the book. 

The book should serve admirably either as a text or reference work 
for practitioners. It will repay careful study by all who are interested 
in diseases of the heart. It is too long for routine use by undergradu- 
ates, curricula being as they are, but it may he warmly recommended 
to students who are attracted to the study of heart disease. 

C. C. W. 

The Factor of Infection in the Rheumatic State. By Alvin b • 

Coburn. Williams and Wilkins Company, Baltimore. Pp. 2S8, full} 

illustrated, with 7 color plates. 

This book is the published results of a study of the rheumatic sfaie 
in its many phases. The work has been done principally at the Pies- 



BOOK REVIEWS 


843 


byterian Hospital in New York and with, a small colony of rheumatic 
subjects in Porto Rico. The study has been essentially clinical in na- 
ture, dealing principally with the field of bacteriolog}’ and the obser- 
vation of patients with rheumatic fever. The reviewer finds himself 
so fully in accord with the ideas expressed in the text and with the 
observations made on patients that it is difficult to do anything less 
than recommend the book in most enthusiastic terms. 

The scope of the book deals rvith the impressions that exist at pres- 
ent concerning the rheumatic state. This term is used by the author 
to include that great mosaic of disease manifestations which in the 
past has been described under the title of “ acute articular rheuma- 
tism 5 5 and which is now usually entitled “acute rheumatic fever. 55 
Except for bacteriological studies of the body tissues and blood, cer- 
tain anatomical changes of material removed at necropsy and a few 
serological tests, the book is devoted almost exclusively to the de- 
scription of clinical manifestations of this disease. 

The outstanding feature of the text is the very large amount of 
clinical material presented in the form of brief ease reports illustrat- 
ing the many ideas expressed by the author. These ease reports are 
interesting and show clearly what occurs in many patients. The ease 
reports are inserted directly in the text. The scope of the book is 
necessarily limited to this field because, as the author states, this dis- 
ease does not readily yield itself to any other means of investigation. 
While it is strongly suspected and probably accepted that the strepto- 
coccus is the etiological agent, yet it is difficult to recover the organ- 
ism from the host, and as yet no suitable animal has been found which 
yields itself to experimentation. This feature of the rheumatic state, 
as is well known, makes it difficult to subject this disease to satisfac- 
tory scientific laboratory investigation. However, the author's method 
of handling the subject is a very good example of proper clinical 
scientific investigation. 

It would be difficult to take up all the ideas expressed by the author* 
for analysis. Ihere are many important ones and only a feu r can be 
mentioned. 

Chapter I deals with the rheumatic state. This description is clear 
and presents a very comprehensive idea of this protean disease, as it is 
understood at the present time. 

Chapter II is devoted to the author’s bacteriological studies on two 
important phases of the disease: (1) the incidence of a bacteremia; 
(2) an investigation of bacterial endocarditis and its association with 
the rheumatic state. In this study a bacteremia was only occasionally 
found in patients with the disease. In patients with high fever and 
other symptoms which suggested such a bacteremia it was possible to 
recover organisms occasionally, usually streptococci, from the circu- 
lating blood with careful cultural methods. However, a very large 
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number of patients showed sterile cultures. It is believed that bac- 
terial endocarditis is a form of heart disease associated with some 
other injury in the heart and that while bacterial endocarditis may be 
superimposed on rheumatic carditis or may exist in the same patient 
at the same time, the two conditions are separate and distinct. These 
ideas are in accord with those generally held bj* other workers. 

Chapters III and IV deal with some general impressions and obser- 
vations of rheumatic disease as it appeai-s on the Presbyterian Hos- 
pital Wards in New York. These observations are related to the 
annual and seasonal variations of the disease, its regional distribution, 
the question of the “rheumatic family” and other equally important 
features of the disease. It is important to note that the author found 
rheumatic manifestations among immigrants newly arrived from re- 
gions which are ordinarily free from rheumatic infection. It was ob- 
served that a group of rheumatic individuals taken from New York 
City to Porto Rico became relatively free of the disease after several 
weeks’ residence in the tropical region and that their disease reap- 
peared when they returned to New York. 

Chapter V deals with observations on the upper respiratory bac- 
terial flora in man and its relationship to the rheumatic state. This 
includes a study of the tonsils removed at operation as well as the 
cultural studies of the flora of the upper respiratory area. In Chapter 
YII the question of tonsillectomy in individuals with rheumatic fever 
is discussed. It is. pointed out that recrudescence of the disease fre- 
quently follows such an operation. In this same chapter the relation- 
ship between scarlet fever and rheumatic fever is also discussed. The 
author believes that scarlet fever is related to the rheumatic process 
in some individuals who gave no clinical evidence of being stigmatized 
with the rheumatic state, and found that it appeared to be responsible 
for several recrudescences of the disease in others. All the facts col- 
lected during this study point to the importance of scarlet fever as a 
factor of infection in the rheumatic state. 

Chapter VI deals with reactions of the skin to intracutaneous injec- 
tion of bacterial nucleoproteins. 

It is not the scope of this book to present the historical side of rheu- 
matic fever: as stated above, it is principally concerned with the 
author’s observations of the condition as it exists at the present time. 

The bibliography includes all the important writings on the various 
phases of this subject and is exceptionally well selected. 

The form of the book is excellent. It is well printed, the illustra- 
tions. including a frontispiece showing a composite picture of the 
disease, are unusually good and there are numerous helpful charts. 

71. McC. 
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